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1.1.1. Tree height 
Manuel	González-Rosado,	Beatriz	Lozano-García,	Luis	Parras-Alcántara
SUMAS	Research	Group,	 Department	 of	Agricultural	 Chemistry	 and	 Soil	 Science,	 Faculty	 of	 Science,	
Agrifood	Campus	of	International	Excellence	-	ceiA3,	University	of	Cordoba,	14071	Cordoba,	Spain 
Importance and applications





The	growth	of	 trees	 is	a	key	agronomical	parameter;	 it	 is	very	 important	as	an	 indicator	of	agronomical	











































FAO.,	 2012.	 National	 Forest	Monitoring	 and	Assessment	 –	Manual	 for	 integrated	 field	 data	 collection.	
Version	3.0.	National	Forest	Monitoring	and	Assessment	Working	Paper	NFMA	37/E.	Rome.
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1.1.2. Trunk cross-sectional area
Manuel	 González-Rosadoa,	 Beatriz	 Lozano-Garcíaa,	 Alejandro	 Pérez-Pastorb,	 Abdelmalek	
Temnani	Rajjafb,	David	Pérez	Noguerab,	Luis	Parras-Alcántaraa













measurement	 errors,	 diameter	 is	measured	 in	 cm,	 and	 adjusted	 in	 a	 decreasing	 sense	 (e.g.:	 16.8	 cm	
become	16	cm).
Materials and equipment
• Tape measure or calliper.
Procedure




 junction no longer exists.
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Figure 2.1.	Position	for	diameter	measurement	at	breast	height	in	flat	terrain
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Position	for	diameter	measurements.	Particular	cases:
Case Description of diameter measurement Figure
On	inclined	terrain DBH	tree	measurement	at	1.3	m	
is taken from an uphill position.
 
Fork tree Several	 cases	 exist,	 depending	
on the point where the fork 
divides	the	stem.
•	If	the	fork	begins	(the	point	where	
the	 core	 is	 divided)	 below	 1.30	
m	height,	 each	 stem	having	 the	
diameter required (20 cm in the 
whole	plot,	10	cm	for	rectangular	
subplots)	 will	 be	 considered	 as	
a	 tree	 and	 will	 be	 measured.	
Diameter measurement of each 
stem	will	be	taken	at	1.3	m	height.
•	 If	 the	 fork	 begins	 above	 1.3m	
height,	 the	 tree	 will	 be	 counted	
as a single tree and diameter 
measurement is carried out at 
1.3m.
•	If	a	fork	occurs	at	or	immediately	
above	 1.3	 m,	 the	 tree	 will	 be	
counted as a single tree and 
diameter	 is	measured	below	 the	
fork	 just	 beneath	 any	 swelling	
that	could	infl	ate	the	DBH.
16
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Tree with irregular 
stem at 1.3m
Trees	 with	 bulges,	 wounds,	
hollows	 and	 branches,	 etc.	 at	
breast	height,	are	to	be	measured	
just	 above	 the	 irregular	 point,	


















FAO.,	 2012.	 National	 Forest	Monitoring	 and	Assessment	 –	Manual	 for	 integrated	 fi	eld	 data	 collection.	
Version	3.0.	National	Forest	Monitoring	and	Assessment	Working	Paper	NFMA	3
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1.1.4. Leaf area index
Manuel González-Rosado, Beatriz Lozano-García, Luis Parras-Alcántara


















































SLA =  
Ad
            Wd
Therefore,	the	leaf	area	index	is	the	specific	leaf	area	multiplied	by	the	dry	mass	of	a	known	surface	area.













































and	 to	 facilitate	 the	direct	 interpretation	of	 the	biophysical	 parameters	of	 the	 vegetation.	Additionally,	 it	
enables	 the	 comparison	 among	 data	 obtained	 by	 different	 researchers.	 On	 the	 other	 hand,	 it	 has	 the	
drawback	of	 having	 little	 capacity	 to	minimise	 the	 influence	of	 the	 soil	 and	 the	atmosphere.	The	NDVI	
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allows	the	presence	of	green	vegetation	on	the	surface	to	be	identified	and	its	special	distribution	to	be	
characterised,	as	well	as	 the	evolution	of	 its	status	over	 time.	This	 is	determined	 fundamentally	by	 the	














NDVI =  
(IR-R)











Esperanza,	 F.,	 Zerda,	 H.,	 2002.	 Potencialidad	 de	 los	 índices	 de	 vegetación	 para	 la	 discriminación	 de	
coberturas	 forestales.	 Universidad	 Nacional	 de	 Santiago	 del	 Estero,	 Facultad	 de	 Ciencias	 Forestales,	
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- P = Ψxylem (Ψt ) = Ψleaf (without transpiration)
Fundamentally,	 the	 leaf	water	potential	at	midday	(Ψmd)	and	the	 leaf	water	potential	before	dawn	(Ψa)	
have	been	used	as	indicators	of	the	water	status	of	the	plant.	The	values	of	Ψmd	vary	greatly	since	they	
depend	on	the	climate	conditions,	whilst	Ψa	is	more	stable,	but	with	the	limitation	that	it	is	not	indicative	of	




































Pérez-Pastor,	A.,	Ruiz-Sánchez,	M.C.,	Conesa,	M.R.,	 2016.	Drought	 stress	effect	on	woody	 tree	yield.	
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1.1.7.  Net CO2 fixation rate, transpiration rate and stomatal conductance
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Importance and applications






























































Ruiz-Sánchez,	M.C.,	Domingo,	R.,	Pérez-Pastor,	A.,	2007.	Daily	 variations	 in	water	 relations	of	apricot	
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Munger,	 J.W.,	 Fan,	 S.M.,	 Nadelhoffer,	 K.J.,	 1996.	 Modelling	 the	 soil-plant-atmosphere	 continuum	 in	 a	
Quercus-Hacer	stand	at	Harvard	forest:	the	regulation	of	stomatal	conductance	by	light,	nitrogen	and	soil/
plant	hydraulic	properties.	Plant	Cell	Environ.	19,	911-927.




















in	 apple.	 It	 is	 difficult	 to	 accurately	 signal	 the	 critical	 periods	 of	 each	 crop.	 Some	 authors	 indicate	 the	
fruit	growth	phases	as	periods	of	maximum	sensitivity	 to	water	deficit.	 In	citrus,	 two	critical	periods	are	
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vine	 plant	 during	 early	 development	 stages.	The	 sprout	 /	 stem	diameter	 indicates	 growth-conditions	 in	
terms	of	availability	of	nutrients	and	water	also	as	weather	conditions	(temperature,	wind…)	and	may	show	
some impact of the intercrop.
Principle
Sprouts,	young	stems	of	 the	vine	grape,	grow	fast	 if	growing	conditions	are	 favourable.	This	parameter	
is	 correlated	 to	 the	 fruit	 setting	 (Currle,	 1983).	Measuring	 sprout	 diameters	 provides	 information	 about	
stress	factors	such	as	water	stress.	If	water	stress	is	present,	the	vine	is	able	to	reduce	water	consumption	











































uniform	 plant	 stand.	 The	 procedure	 to	 measure	 the	 establishment	 rate	 is	 very	 easy,	 inexpensive	 and	
requires little equipment. 
Principle
The	number	of	plants	established	in	the	field	relative	to	the	number	of	plants	sown	is	the	final	assessment	

































































            Above-ground biomass (in g DM m-2) =           
 
dry biomass weight (g)
                                                                              (0.5 * distance between rows (m
2)
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The	objectives	of	sampling	or	monitoring	are	 to	detect	 the	presence	or	absence	of	pests,	quantify	 their	
abundance	 	and	 their	natural	enemies	and	 follow	the	progress	of	an	arthropod	population	 through	 time	
by	regular,	periodic	sampling.	The	goal	of	monitoring	is	to	reach	a	decision	as	to	whether,	or	when,	a	pest	
population requires control action.
Monitoring	means	 checking	 the	 field	 to	 identify	which	pests	are	present,	 how	many	 there	are,	 or	what	
damage	 they	 have	 caused.	Correctly	 identifying	 the	 pest	 is	 key	 to	 knowing	whether	 a	 pest	 is	 likely	 to	
become	a	problem	and	to	determining	the	best	management	strategy.
After	 monitoring	 and	 considering	 information	 about	 the	 pest,	 its	 biology,	 and	 environmental	 factors,	 a	




and	 an	 absolute	 commitment	 to	 pest	monitoring.	 Pest	monitoring	 is	 site,	 crop	 and	 pest-specific.	 Each	
situation will require specialised knowledge and tools.
Principle
Knowing	 the	exact	number	of	pests	 in	a	field	 is	 rarely	possible,	and	so	 the	pest	 levels	will	 have	 to	be	
estimated.	 To	 reach	 this	 estimate,	 the	 field	 population	 is	 sampled.	 How	 well	 the	 actual	 population	 is	
estimated	will	greatly	depend	on	how	well	the	samples	are	taken.	
Scouting	 for	 pests	 in	 the	 area	 can	 start	 before	 establishing	 the	 crop.	 By	 inspecting	 weeds	 and	 other	
surrounding	 vegetation,	 potential	 pests	 and	 natural	 enemies	 can	 be	 identified	 and	 possibly	 treated	 to	
prevent	them	from	becoming	a	problem	early	in	the	crop.	








































SAMPLING PROCEDURES FOR PEST POPULATIONS
Measures	for	sampling	pests	could	be	direct	and	indirect.	














1. Air sampling 
The	most	used	are	traps.	There	are	many	types	of	traps,	especially	for	insects,	that	are	available	or	easily	
made.	Traps	can	attract	(light,	pheromone,	baited),	or	be	passive	(pitfall,	water).
   
	 a.		Pheromone	and	Baited	Traps
Food	attractants	or	pheromones	are	usually	used	 to	capture	 insects.	Pheromone	 traps	are	an	effective	






















and their parasitoids located at the height of the crop.






It	 must	 be	 noted	 that	 the	 common	 dispersion	 patterns	 of	 pests	 in	 the	 field	 are	 random,	 uniform,	 and	
clumped,	even	many	pest	populations	tend	to	be	clumped,	as	well	as	deciding	the	sampling	accuracy.	All	
this facilitates the choice of the sampling unit.
Several	devices	can	be	used	for	monitoring	pests,	however	one	of	the	most	used	is	direct	counting.	
 a.  Direct counting. Visual checking 













An	 alternative	 to	 the	method	 of	 counting	 the	 insects	 of	 a	 sample	 is	 the	 binomial	method.	 Binomial	 or	
presence-absence	sampling	consists	 in	counting	 the	sampling	units	occupied	by	arthropods	of	 the	 total	
observed	sampling	units.	The	method	is	based	on	the	generally	existing	relationship	between	the	proportion	
of	occupied	sampling	units	and	the	density	of	individuals	of	a	species	in	the	sampling	unit.	
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	 b.		Sweep	nets







3. Soil monitoring 
The	Berlese-Tullgren	 funnel	 is	one	of	 the	best	ways	of	monitoring	microarthropods	 that	 live	on	 the	soil,	
especially	in	ecological	or	biodiversity	studies.
Emergence	 traps,	which	are	 transparent	 tubes	or	 containers	sealed	on	 the	surface	of	 the	ground,	 trap	
emerging	insects	which	pass	through	a	developmental	stage	underground.









Crop	 losses	may	be	quantitative	and/or	qualitative.	Quantitative	 losses	result	 from	reduced	productivity,	
leading	to	a	smaller	yield	per	unit	area.	Qualitative	losses	from	pests	may	result	from	the	reduced	content	of	
valuable	ingredients,	reduced	market	quality,	e.g.	due	to	aesthetic	features	(pigmentation),	reduced	storage	
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It	 is	a	parameter	 that	enables	us	 to	quantify	 the	harvest	 to	know	 the	 influence	of	 the	 treatments	 in	 the	
trial.	In	addition,	it	serves	to	know	yields	of	the	harvest	and	commercial	yields.	The	productive	yield	is	an	
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1.1.18. Cover crop yield
María Martínez-Mena, Almagro, M., Elvira Díaz Pereira, Joris de Vente, Carolina Boix-Fayos
Soil and Water Conservation Research Group, CEBAS-CSIC, Campus Universitario de Espinardo, 30100,
Murcia, Spain
Importance and applications
Cover crops are one of the most important agricultural practices that farmers can use to improve soil quality 
and increase the sustainability of their production system. Cover crops provide many benefits, including 
reducing erosion, fixing nitrogen (if legumes are included), and providing a habitat for pollinators and 
beneficial insects. Their use also increases soil organic matter, infiltration rates, and nutrient availability. 
Knowing how much biomass (biomass dry weight per m2) there is in a field is a critical piece of information
for cover crop management.
Principle
The dry weight of the cover crop will be assumed as the cover crop yield, expressed as weight of dry matter 
per unit area (g DM m-2). The method consists in collecting total plant biomass production (green manure or 
spontaneous ground covers) at peak growing season from several replicated quadrants of a known surface 
placed randomLy at each management treatment. Both quadrat size and number of replicates depend 
on the observed heterogeneity in plant composition and the field size. The more homogeneous the plant 
composition is, the smaller the quadrats can be. We use clippers to cut the cover crop biomass at ground 
level, excluding soil, cash crop residues, or weeds from the sample. We must try to capture only cover crop 
biomass and then place it in a labelled paper/plastic bag. Later, in the laboratory, the collected cover crop 
biomass from each quadrat is placed in separate labelled trays and oven dried at 60ºC for 72 h or until




• Frame: 0.5 m x 0.5 m or 1 m x 1 m, depending on the crop size
• A pair of scissors, clippers, sharp knife, and/or machete


















                 Biomass Dry weight (in g DM m-2) =  
dry biomass weight (g)




biomass (g m-2) Cover crops Soil type Reference
138-183 Common	vetch	and	barely Calcisol Almagro	et	al.,	(2016)
12.87-290.03 Rice	and	Trios Cumulic	Haploxeroll Steenwerth	&	Belina,	2008
185-663 Barely	and	Clover Oxyaquic	xerorthent Peregrina	et	al.,	2014
110-366 Barely	and	Hairy	vetch Fluventic	haplustept Tosti	et	al.,	2014
Remarks
•	 If	you	want	to	determine	plant	residue	C	and	N	contents	subsamples	should	be	ground	and	analysed	











Peregrina,	F.,	 	Pérez-Álvarez,	E.	P.,	 	García-Escudero,	E.,	2014.	Soil	microbiological	properties	and	 its	
stratification	ratios	for	soil	quality	assessment	under	different	cover	crop	management	systems	in	a	semiarid	
vineyard.	SJAR	12,	1000-1007
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1.1.19. Land equivalent ratio
Raúl Zornoza, José A. Acosta, Silvia Martínez
Sustainable Use, Management, and Reclamation of Soil and Water Research Group, Department of 
Agrarian Science and Technology, Universidad Politécnica de Cartagena, Paseo Alfonso XIII, 48, 30203,
Cartagena, Spain.
Importance and applications
The land equivalent ratio (LER) is an essential indicator to assess the efficiency of intercropped agricultural 
systems. Intercropping is the cultivation of two or more crop species simultaneously in the same field for 
the entire or a part of their growing period. It is expected that intercrops use land and other resources more 
efficiently than monocrops. In fact, intercropping is a practical application of the principle of productivity 
increase by biodiversity (Cardinale et al., 2007). To really assess if intercropping is using resources more 
efficiently and delivers higher production per unit of land, the LER appears. LER is defined as the area 
of monocrops that would be required to obtain the same yield of the component crops as a unit area of 
intercrop (Mead & Willey, 1980). Thus, LER is useful to evaluate the benefit of intercropping compared to
monocultures.
Principle
The land equivalent ratio compares the yields from growing two or more crops together (intercropping) with 
yields from growing the same crops in monocultures (Mead & Willey, 1980). This ratio indicates the quantity 
of land needed to grow two or more crops together compared to the quantity of land needed to grow pure 
stands of each. A LER > 1 indicates that intercropping is favourable and efficient, while a LER < 1 normally 
indicates a disadvantage. For example, a LER of 1.10 suggest that a field grown as a monoculture would 
require 10% more land to produce the same yield as the same area grown as intercropping. A LER of 3.0




• Equipment for weighing crop yields in each crop (balance or scale).
Procedure
a.	 Yield data should be collected when the crop is ready for market. For crops harvested multiple times
(such as fava beans, tomatoes, etc.), yield data should be collected when a sizeable portion has reached 
the market size and at regular intervals over the harvest period. For crops harvested multiple times, the 
same area must be harvested at each harvest.
b.	 Measure and record the total weight of each crop harvested.	
56
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Calculations
To	calculate	the	LER,	follow	the	following	equation:
LER =   
I1
   +    
I2
   +    
In










Mead,	 R.,	 Willey,	 R.W.,	 1980.	 The	 concept	 of	 a	 land	 equivalent	 ratio	 and	 advantages	 in	 yields	 from	
intercropping.	Exp.	Agric.	16,	217–228.	
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1.1.20. Crop yield
José Luis Arrúe, Jorge Álvaro-Fuentes
Soil Management and Global Change Group, Estación Experimental Aula Dei (EEAD), Consejo Superior
de Investigaciones Científicas (CSIC), Avda. Montañana 1005, 50059 Zaragoza, Spain.
Importance and applications
Crop yield is a measurement of the amount of agricultural production harvested per unit of land area. Crop 
yield is the measurement most often used for cereal crops and is normally expressed in metric tons or 
kilograms per hectare (bushels or pounds per acre in the US). Alternatively, crop yield, which is sometimes 
referred to as “agricultural output”, can be defined as the amount of useful parts of a crop harvested at an 
appropriate development stage on a unit area. According to Fischer (2015), crop yield is the weight of grain 
or other economic product, at some agreed standard moisture content, per unit of land area harvested per 
crop. Standard moisture content varies between crops but is 8–16% in grains. In all cases, grain moisture
content is calculated on a fresh weight basis (Fisher, 2015).
Principle
To estimate the crop yield, the amount of harvested product (grain, tuber…) for a given crop is measured in 






• Plastic or wooden pegs
• Scissors




• Data recording sheet/Notebook
• Recording material (pen, pencil, …)
Procedure
Hand-harvest
a.	 On each experimental plot, and immediately prior to harvest, randomLy select three representative 0.5-m
long rows. If the row spacing is, for instance, 0.2 m, the total sampling area at each sampling point will be
0.1 m2.
58





Alternatively,	 grain	 yield	 can	be	measured	by	harvesting	partially	 or	 completely	 each	experimental	 plot	
using	either	a	commercial	combine	harvester	or	an	experimental	combine	harvester.	If	you	use	a	combine	





Area (m2) = width × length
To	determine	the	crop	yield,	divide	the	total	grain	weight	(kg)	by	the	harvest	area	(ha):
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The	 fruit	quality	 is	of	vital	 importance	when	 it	 is	directed	at	 fresh	consumption.	The	bibliography	points	
out	that	the	soil	moisture	has	a	determinant	effect	on	the	quality	of	citrus	fruits,	so	Levy	et	al.	(1979)	used	
parameters	of	grapefruit	fruit	quality	to	diagnose	the	degree	of	water	stress.	On	the	other	hand,	it	has	been	
demonstrated	 that	moderate	water	stress	can	 improve	 the	 fruit	quality	 in	certain	 fruit	 trees	(Goldhamer,	
1989).















Goldhamer,	 D.A.,	 1989.	 Drought	 Irrigation	 Strategies	 for	 Deciduous	 Orchards.	 Cooperative	 Extension.	
University	of	California,	Div.	Agric.	and	Natural	Resources.	Publication	nº	21453,	15	pp.
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Materials and equipment
• Manual	refractometer	ATAGO	N-1E.



















Maotani,	T.,	Machida,	Y.	1977.	Studies	on	 leaf	water	 stress	 in	 fruit	 trees.	VII.	Effects	of	 summer	water	

















The	pH	value	 is	used	as	an	 indicator	of	 the	acid	content	 that	exists	 in	a	specific	 food;	 the	value	varies	
between	0	and	14.	In	this	way	when	a	food	or	drink	presents	a	pH	value	lower	than	7	it	is	considered	acid.
The	 fruit	quality	 is	of	vital	 importance	when	 it	 is	directed	at	 fresh	consumption.	The	bibliography	points	
out	that	the	soil	moisture	has	a	determinant	effect	on	the	quality	of	citrus	fruits,	so	Levy	et	al.	(1979)	used	
parameters	of	grapefruit	fruit	quality	to	diagnose	the	degree	of	water	stress.	On	the	other	hand,	it	has	been	












Goldhamer,	 D.A.	 1989.	 Drought	 Irrigation	 Strategies	 for	 Deciduous	 Orchards.	 Cooperative	 Extensión.	
University	of	California,	Div.	Agric.	and	Natural	Resources.	Publication	nº	21453,	15	pp.
Parámetros	de	calidad	 interna	de	hortalizas	y	 frutas	en	 la	 industria	agroalimentaria.	Grupo	cooperativo	
cajamar.	Septiembre	2014.	Número	5.
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Acidity (g·L-1) =  
V · 0.1 · 
192
                                        
3





Landanilla,	 M.S.	 2008.	 Fruit	 morphology,	 anatomy	 and	 phisiology.	 Capitulo	 2-7.	 Citrus	 fruit.	 Biology,	
Tecnhonolgy,	and	Evaluation.	First	edition.	Academic	Press.	India.
Cañizares,	A.,	Puesme,	R.,	Laverde,	D.,	2003.	Determinación	de	la	curva	de	crecimiento	y	desarrollo	del	
fruto	de	 la	 lima	persa	 (Citrus	 latifolia	Tanaka)	en	el	 estado	de	Monagas.	XV	Congreso	Venezolano	de	
Botánica.	pp:54-55.
Agustí,	M.,	Martínez-Fuentes,	A.,	Mesejo,	C.,	 Juan,	M.,	Almela,	V.,	 2003.	Cuajado	 y	Desarrollo	 de	 los	
Frutos	Cítricos.	GENERALITAT	VALENCIANA.	Serie	Divulgación	Técnica	No.	55:1-82.
Acevedo,	Y.P.,	2008.	Eventos	fisiológicos	asociados	a	la	madurez	y	calidad	de	frutos	cítricos	en	Cuba	y	
su	relación	con	 los	productos	 transformados	de	 la	 industria.	 Instituto	de	 Investigaciones	en	Fruticultura	
Tropical.	FAO:	1-21
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Goldhamer,	 D.A.,	 1989.	 Drought	 Irrigation	 Strategies	 for	 Deciduous	 Orchards.	 Cooperative	 Extensión.	
University	of	California,	Div.	Agric.	and	Natural	Resources.	Publication	nº	21453,	15	pp.
68
PART 1. PLANT AND CROP ANALYSES
1.2.6. Degree of acidity
Manuel	González-Rosado,	Beatriz	Lozano-García,	Luis	Parras-Alcántara
SUMAS	Research	Group,	 Department	 of	Agricultural	 Chemistry	 and	 Soil	 Science,	 Faculty	 of	 Science,	
Agrifood	Campus	of	International	Excellence	-	ceiA3,	University	of	Cordoba,	14071	Cordoba,	Spain	
Importance and applications
The determination of free fatty acids in olive oils is an important quality factor and has been widely used as 
a criterion for the classification of olive oil into various commercial categories.  
Principle
The degree of acidity of oil is the percentage of free fatty acids in oil. Any fat from the chemical point of view 
is composed of triglycerides, i.e. esters of fatty acids and glycerine. The hydrolysis reaction causes the 
breakdown of these, losing fatty acids and giving diglycerides and monoglycerides. In vegetable oils, this 
percentage is expressed as if all free acids were oleic acid (CHO). 
The method consists of dissolving a sample in a mixture of solvents and the free fatty acids present titrated 







• 250 mL conical flask
• Analytical balance
• 10 mL burette, graduated in 0.05 mL
Procedure
a. Dissolve the sample in 50 to 150 mL of the previously neutralised mixture of diethyl and ethanol.
b. Titrate while stirring with the 0.1mol L-1 solution of potassium hydroxide (see Note 2) until the indicator 
 changes (the pink colour of the phenolphthalein persists for at least 10 seconds).
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Calculations
Acidity as a percentage by weight is equal to:
V * c *    
M
   *  
100
  =  
V * c * M
         1000      m          10 * m
where:
V = the volume of titrated potassium hydroxide solution used, in millilitres;
c = the exact concentration in moles per litre of the titrated solution of potassium hydroxide used;
M = the molar weight in grams per mole of the acid used to express the result (= 282);
m = the weight in grams of the sample.
Remarks
• The titrated ethanolic solution of potassium hydroxide may be replaced by an aqueous solution of 
 potassium or sodium hydroxide provided that the volume of water introduced does not induce phase 
 separation.
• If the quantity of 0.1mol/Lpotassium hydroxide solution required exceeds 10 mL, use the 0.5 mol/L 
 solution.
• If the solution becomes cloudy during titration, add enough of the solvents to give a clear solution.
References
Boskou, D., 2006. Olive oil: Chemistry and Technology (2º ed.). Edit. AOCS PRESS. Illinois.
Commission of the European Community., 1991. Regulation 2568/91, On the Characteristics of Olive Oil 
and Olive-residue Oil and on the Relevant Methods of Analysis. 
Commission Implementing Regulation., 2015. (EU) 2015/1833 of 12 October 2015 amending Regulation 
(EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil and on the relevant methods of 
analysis.
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1.2.7. Quality of fatty matter
Manuel	González-Rosado,	Beatriz	Lozano-García,	Luis	Parras-Alcántara






The	absorption	at	 the	wavelengths	specified	 in	 the	method	 is	due	 to	 the	presence	of	conjugated	diene	
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Eλ











ΔK = KmV – ( Kλm – 4 + Kλ + 4 )
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1.2.8. Essential oils in aromatic species
Virginia	Sánchez-Navarro,	Raúl	Zornoza,	Jose	A.	Acosta,	Silvia	Martínez,	Ángel	Faz	






































































 linear retention index.
r.	 Finally,	a	calibration	curve	is	required	to	quantify	chemical	compounds	of	EOs.















Sovová,	 H.,	 2012.	 Modeling	 the	 supercritical	 fluid	 extraction	 of	 essential	 oils	 from	 plant	 materials.	 J.	
Chromatogr.	A.	1250,	27-33.
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• Electronic kernel counter 
























value	 is	one	of	 the	 factors	of	 the	market	value	of	wheat,	because	 in	general	 it	 is	directly	 related	 to	 the	





The	TW	 is	 the	weight	 of	 a	mass	of	wheat	placed	 in	
a	 container	 (Fig.	 34.1)	 with	 a	 defined	 volume	 and	
expressed as kilograms per hectolitre (kg hL-1). The 
measurement is performed using a grain scale (Fig. 
34.2).




Figure 34.2. Test weight grain scale.





























When	 the	 capacity	measure	 is	 full,	 activate	 the	 scraper	 blade.	 This	 instrument	 features	 sharp	
edges,	 in	order	 to	cut	 through	the	grains	 that	have	become	stuck	on	 the	edges	of	 the	capacity	
measure	which	could	prevent	the	scraping	from	being	completed	in	a	uniform	manner.	
When	 the	scraper	blade	has	 reached	 its	end	position,	 the	hopper	should	be	 removed	 from	 the	
capacity	measure	basket,	and	excess	product	left	over	above	the	scraper	blade	should	be	removed	
and placed on the scale. 
The	contents	of	this	should	be	weighed	to	within	±	5	g.	
The	same	weighing	operation	can	also	be	performed	using	a	 technical	scale,	ensuring	 that	 the	
80






barley	or	rye),	read	the	mass	per	storage	volume	value	in	kg	hL-1 for the grain in question.
The result is expressed in kilograms per hectolitre.
Remarks
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The	 difference	 between	 the	 values	 obtained	 from	 two	 consecutive	 determinations	 performed	
simultaneously	or	in	rapid	succession	by	the	same	analyst	should	not	exceed:	
0.15 g of moisture per 100 g of sample 
Remarks
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The	 method	 describes	 the	 determination	 of	 the	 nitrogenous	 substances.	 Nitrogenous	 substances	 are	
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• “Ultraturrax”	homogeniser	(for	liquid	samples)	


















for	 liquids.	Methods	are	pre-set	 in	 the	software	 for	various	 types	of	 food	product	 indicating	 the	

























using the EDTA standard.
b.	 Assessment	of	results
Close	attention	must	always	be	paid	to	status	of	the	columns	and	the	ash	collection	insert.	
Maintenance	 is	 relatively	 simple	 and	 is	 very	 clearly	 described	 in	 the	 instrument’s	 manual;	
maintenance	must	be	performed	very	strictly,	otherwise	there	is	a	risk	of	obtaining	incorrect	results.	
A	number	of	indicators	provide	assistance	in	this	context;	the	first	is	the	form	of	the	nitrogen	peak,	
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• Metal tongs 
• Heat-resistant metal plate 
• Thermostatic	oven	at	103±2°C	









































Dampen the content of the capsule with a few drops of distilled water using a Pasteur pipette.
Place	the	carbon	particles	in	the	solution	and	shake	the	capsule	by	hand.	
Evaporate	the	water	in	an	oven	at	about	100°C.	
Place the capsule in the furnace for a further hour. 
Remove	the	capsule	from	the	furnace	using	the	metal	tongs.	
Place the capsule in the desiccator and cool it for at least 30 minutes. 
Weigh	the	capsule	as	soon	as	room	temperature	is	attained	(P2).




Ash % = (P2 / P1) * 100




































is a composite of storage proteins termed prolamins and glutelins and stored together with starch in the 
























 80  r.p.m.



















the mass from heat and perspiration of the hand.
3.	 Place	the	dough	ball	on	the	silk	gauze,	slightly	tense,	of	the	gluten	extractor.	Wet	the	dough	with	a	few	
drops	of	the	sodium	chloride	solution,	then	put	the	eccentric	disk	in	place.	Wash	for	10	minutes,	using	about	
400 mL of sodium chloride solution.
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•	Of	the	remainder	on	the	sieve,	grains	are	selected	by	type	and	divided	into:	












Waste	means	 shrivelled	 grains,	 grains	 of	 other	 cereals,	 grains	 attacked	 by	 parasites,	 grains	 that	 have	
discoloration	 of	 the	 germ,	mottled	 grains	 or	 those	 affected	 by	 fusariosis	 and	 grains	 overheated	 during	
drying.	
Miscellaneous	 impurities	means	 extraneous	 seeds,	 damaged	 grains,	 impurities	 as	 such,	 husks,	 ergot,	
decayed	grains,	dead	insects	and	fragments	of	insects,	earth	and	herbal	filaments	or	straw.	
• Broken	grains	
All	 grains	whose	 endosperm	 is	 partially	 uncovered	 are	 considered	 broken	 grains.	Grains	 damaged	 by	
beating	and	grains	whose	germ	has	been	removed	also	belong	to	this	group.	
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• Grains	attacked	by	fusariosis	
Those	 whose	 pericarp	 is	 contaminated	 with	 Fusarium	 mycelium;	 these	 grains	 are	 slightly	 shrivelled,	
wrinkled,	with	widespread	patches	with	ill-defined	contours,	pink	or	white	in	colour.	
• Glumes
Cereals	have	flowers	gathered	 in	spikes,	 comprise	partial	 inflorescences	or	spikelets,	each	of	which	 is	
protected	by	two	bracts	called	glumes.	These	protections	(leaves),	not	being	expelled	on	threshing,	can	
reach the mill.
• Extraneous seeds 
The	seeds	of	plants,	 cultivated	or	not,	 other	 than	cereals.	Constituted	by	worthless	and	unrecoverable	
grains,	by	seeds	used	for	livestock	and	by	noxious	seeds.	


















Soluble	solids	are	determined	 indirectly	by	deducting	 them	from	the	value	of	 their	 refraction	 index.	The	



























Consistency	 is	 a	 fundamental	 parameter	 for	 the	 production	 of	 tomato	 pulp	 and	 each	 incoming	 load	 is	
subjected	to	measurement.
Principle






















Colour is a fundamental parameter for the production of concentrates and tomato pulp and each incoming 
load is subjected to measurement.
Principle
The colour is measured thanks to the different sensitivity of photoelectric cells operating at a given standard 
angle. A tungsten lamp is used to illuminate the sample. The Lab colour space mathematically describes all 
perceivable colours in the three dimensions L for lightness and a and b for the colour components green–
red and blue–yellow. 
One of the most important attributes of the Lab model is device independence. This means that the colours 
are defined independent of their nature of creation or the device they are displayed on. The space itself 
is a three-dimensional real number space, which contains an infinite number of possible representations 
of colours. However, in practice, the space is usually mapped onto a three-dimensional integer space for 
device-independent digital representation, and for these reasons, the L*, a*, and b* values are usually 
absolute, with a pre-defined range. The lightness, L*, represents the darkest black at L* = 0, and the 
brightest white at L* = 100. The colour channels, a* and b*, will represent true neutral grey values at a* = 
0 and b* = 0. The red/green opponent colours are represented along the a* axis, with green at negative a* 
values and red at positive a* values. The yellow/blue opponent colours are represented along the b* axis, 
with blue at negative b* values and yellow at positive b* values. The scaling and limits of the a* and b* axes 
will depend on the specific implementation of Lab colour, as described below, but they often run in the range 
of ±100 or −128 to +127 (signed 8-bit integer).
Reagents




Every batch of tomato is analysed. The tomato sample is inserted into the Maselli Misure monoblock that 
chops the tomato before analysis. The colour is measured with a colorimeter (calibrated at the beginning of 





• The importance of the sample’s representativeness 
• It is important to turn on the instrument at least 2 hours before 
















• Hexane (reagent grade)
• Ethanol (reagent grade)
• Acetone (reagent grade)











The	 elimination	 of	 reagents,	 reagents	 and	 solvents	must	 comply	with	 the	 internal	 operating	 procedure	
P-GS-21.
a. Preparation of solutions 
100	mg	/	L	standard	solution:	weigh	5	mg	in	a	50	mL	flask,	dissolve	with	hexane.	This	solution	
102
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should	be	stored	in	the	freezer	(ideally	at	-70°C).	




Then prepare diluted standard solutions from 20 to 0.1 mg L-1	by	dilution	with	hexane.		
b.	Preparation	of	the	sample	























Conc all-trans (mg/Kg) = (C all-trans *V) / P
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Conc all cis (mg/Kg) = [(C cis1 + C cis2+3 + C cis4)* V] / P                  






Conc lycopene total (mg/Kg) = Conc all-trans (mg/Kg) + Conc all cis (mg/Kg)



































































































GC/MS/MS Endosulfan (SUM) 
GC/MS/MS Endosulfan alpha 
GC/MS/MS Endosulfan	beta	














GC/MS/MS Heptachlor  
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LC/MS/MS Dichlorprop  
LC/MS/MS Dichlorvos	
LC/MS/MS Diclobutrazol	





















LC/MS/MS Disulfoton  
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LC/MS/MS Disulfoton sulfone 
LC/MS/MS Disulfoton sulfoxide 
LC/MS/MS Ditalimfos  
LC/MS/MS Dithianon  
LC/MS/MS Diuron 
LC/MS/MS DMST 































LC/MS/MS Fenoxaprop racemate 
LC/MS/MS Fenoxaprop-P 
LC/MS/MS Fenoxaprop-P-ethyl		












LC/MS/MS Fensulfothion oxon sulfone
LC/MS/MS Fensulfothion	PO	solfone
LC/MS/MS Fenthion 
LC/MS/MS Fenthion sulfone 









LC/MS/MS Fipronil Sulfone 
LC/MS/MS Fipronil-desulfinyl	






















































LC/MS/MS Iodfenphos  
LC/MS/MS Ioxynil	
LC/MS/MS Iprobenphos	








































































































LC/MS/MS Phenmedipham  
LC/MS/MS Phenthoate 
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• The	Galileo	system,	now	under	development,	will	 be	operated	by	 the	European	Global	Navigation	
























(FAO,	2006).	The	 landform	units	 identified	are	used	 for	site	description	 in	soil	and	vegetation	mapping	
and	in	landscape	ecology	(landscape	pattern).	For	sustainable	agriculture,	it	is	important	that	the	typical	
geometry	of	the	landform	where	the	plot	is	situated	influences	land	management	opportunities	and	erosion	
hazard.	 Particularly,	 the	 DEM-based	 delineation	 and	 classification	 of	 landforms	 can	 assist	 in	 land	 use	
optimisation	and	farming	practices	design	(Seif,	2014).
Principle
1.	The	dominant	criteria	of	major	 landforms	are	general	 slope	and	 relative	 relief	 (relief	 intensity)	 (FAO,	
2006).	The	relief	 intensity	 (expressed	 in	m	km-1)	 is	 the	difference	between	the	highest	and	 lowest	point	
within	the	terrain	unit	per	distance	specified	for	the	actual	purpose	of	study	(Table	2.1.2.1).	
Table 2.1.2.1	Identification	of	major	landforms	from	topographic	parameters	(FAO,	2006)
1st level 2nd level




LP plain <	10 <	50 0-25
LL plateau <	10 <	50 0-25
LD depression <	10 <	50 16-25
LV	valley	floor <	10 <	50 6-15
S sloping land
SE	medium-gradient	escarpment	zone 10-30 50-100 <	6
SH medium-gradient hill 10-30 100-150 0-15
SM medium-gradient mountain 15-30 150-300 0-15
SP dissected plain 10-30 50-100 0-15
SV	medium-gradient	valley 10-30 100-150 6-15
T steep land
TE	high-gradient	escarpment	zone >	30 150-300 <	6
TH high-gradient hill >	30 150-300 0-15
TM high-gradient mountain >	30 >	300 0-15
TV	high-gradient	valley >	30 >	150 6-15
Note:	Potential	drainage	density	is	given	in	number	of	“receiving”	pixels	within	a	10	×	10	pixels	window.
2.	 In	 the	simplest	way,	 the	geomorphological	environment	of	 the	agricultural	plot,	 i.e.	 the	 landform	type	
on	which	the	plot	 is	 located,	can	be	described	from	a	geomorphological	map.	Depending	on	the	source	
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et	al.,	 2016)	 is	based	on	 the	combination	of	multispectral	 imaging,	DEM	and	 radar	 interferometry	 (Fig.	
2.1.2.4).	 The	 classes	 obtained	 through	 DEM	 segmentation	 using	 InSAR	 Imagery	 (MacMillan	 &	 Shary,	
2009)	are	volcanic,	structural,	fl	uvial	and	karst	landforms	diff	erentiated	by	elevation,	slope	gradient,	relief	
dissection	and	curvature	(“toposhape”	features).	An	advantage	of	this	classifi	cation	is	that	it	also	provides	
genetic information from morphometric parameters.
Figure 2.1.2.4	Flow	chart	of	land	elements	classifi	cation	(Widyatmanti	et	al.,	2016)




















3.f. Load criteria sets
3.g.	Confirm	your	selected	classification	criteria	in	the	Landform	Analysis	dialogue	
3.	Fuzzy	land	element	classification:
4.a.	 Create	 a	 generalised	 terrain	 and	 parameterise	 it	 by	 scaled	 derivatives	 (slope	 gradient	 and	
curvature).	These	scale-dependent	derivatives	parameters	are	calculated	at	varying	window	sizes	
(Wood,	1998)	
4.b.	Fuzzify	 local	 landform	geometry.	Slope	gradient	 is	continuous,	and	curvature	 is	 referred	 into	
three	classes:	concave,	straight,	and	convex	
4.c.	Generate	membership-value	maps	for	each	of	the	15	form	elements
4.d.	 Identify	 two	moving	window	 sizes	 for	 the	 horizontal	 spatial	 scales	 and	 specify	 an	 elevation	
threshold	to	model	landforms	in	terrain	context	(Schmidt	&	Hewitt,	2004)	
4.e.	Reclassify	landforms	within	the	terrain	context,	using	a	set	of	rules;	combine	the	higher	scale	







5.d.	Segment	 the	DEM	 into	 high	and	 low	elevation	 classes	and	by	 slope	gradient	 and	elevation	
(Table	2.1.2.2)	
5.e.	Analyse	 landforms	by	 “toposhape”	 (using	 Idrisi	package)	and	make	 the	segmentation	 (using	
136























general shape of this landform is 









for irrigated or 
dryland	farming
b,	The	shape	of	PD	is	normally	one	
of a trip with the long dimension 











smaller water courses running down 
to the foot of mountain range fronts
Rarely	used	





























































 crop management.  
• Landform	classification	approaches	are	very	similar	to	each	other,	but	their	products	may	differ	greatly	
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Principle
























































5.a. Slide the weight to the inner stop of the arm 
5.b.	Turn	the	arc	forward	for	rising	gradients	and	backwards	for	falling	gradients	
5.c.	Suspend	the	instrument	and	hold	it	at	arm’s	length	to	see	the	reflected	image	of	one’s	eye	at	the	
     edge of the mirror 
5.d.	Move	the	radial	arm	until	the	object	sighted	is	coincident	with	the	reflection	of	the	eye















FAO,	 1998.	A	Manual	 for	 the	Planning,	Design	 and	Construction	 of	 Forest	Roads	 in	 Steep	Terrain.	 6.	
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Liu,	B.Y.,	Nearing,	M.A.,	Risse,	L.M.,	1994.	Slope	gradient	effects	on	soil	 loss	 for	 steep	slopes.	Trans.	
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Although	slope	exposure	or	aspect	 is	of	minor	 importance	 in	 the	 tropics,	 it	 is	a	major	 factor	 infl	uencing	









on	 south/southwest	 facing	 slopes	 (Stafne,	 2015).	Under	 climates	with	warm	 or	 hot	 summers	 and	 cold	
winters,	eastern,	northern,	and	northeastern	slopes	are	the	preferred	sites	for	crop	cultivation.	Southern	






Slope	 exposure/aspect	 is	 defi	ned	 as	 the	 directional	 component	 of	 the	 slope	 gradient	 vector,	 i.e.	 the	
direction	of	maximum	gradient	of	the	surface	at	a	given	point	(FAO,	2006).	It	is	expressed	as	the	compass	
direction	the	slope	faces	(north,	south,	east	or	west).	 It	 is	also	often	expedient	 to	distinguish	secondary	
directions	(northeast,	southeast,	southwest,	northwest).	As	a	GIS	derivative,	ArcGIS	uses	Horn’s	8-point	
formula	 (Burrough	 &	McDonell,	 1998;	 De	 Smith	 et	 al.,	 2018)	 and	 slope	 exposure/aspect	 is	 calculated	
counterclockwise from east (Fig. 2.1.5.1).
Figure 2.1.5.1	Slope	aspects	(after	Shapiro	&	Waupotitsch,	2015)
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	 a.	Calculate	the	rate	of	change	in	the	x direction for cell e:	
    [dz/dx] = ((c + 2f + i) - (a + 2d + g)) / 8                                 (Eq. 2.1.5.1)
	 b.	Calculate	the	rate	of	change	in	the	y direction for cell e:	
    [dz/dy] = ((g + 2h + i) - (a + 2b + c)) / 8                                 (Eq. 2.1.5.2)
	 c.	Calculate	the	aspect	for	cell	e:																																															










De	Smith,	M.J.,	Goodchild,	M.F.,	 Longley,	P.A.,	 2018.	Geospatial	Analysis:	A	Comprehensive	Guide	 to	
Principles,	Techniques	and	Software	Tools	Hardcover.	Sixth	Edition.	Troubadour	Publishing,	Leicester	















soil	 physical	 properties	 such	 as	 texture,	 structure,	water	 holding	 capacity	 and	 partly	 or	 totally	 the	way	
of	weathering,	clay	content	and,	 thus,	 influences	soil	workability	and	the	opportunities	 for	an	alternative	
cropping	system	(like	minimum	or	no	tillage).	
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Table 2.1.6.1	The	revised	system	of	soil	parent	material	classification	(after	Schuler	et	al.,	2010)
Level2 Level 3 Level 4 Level 5





























































































































































CY saltic CYX	unspecified CYXS sedimentary	rock CYXS1	halite,	sylvite
CG	gypsic	 CGX	unspecified CGXS sedimentary	rock CGXS1	gypsum,	anhydrite
CP phosphatic CPX	unspecified CPXS sedimentary	rock CPXS1	phosphorite,	guano
CO organic COX	unspecified COXS sedimentary	rock COXS1	bituminous	coal,	anthracite,	graphite
CF fealic CFX	unspecified CFXS sedimentary	rock CFXS1	ironstone,	iron	ore
Level 1: S semi-
consolidated
SS siliceous SSA acid SSAR residual deposit SSAR1 kaolin
SC	carbonatic	 SCX	unspecified SCXS sedimentary	rock	
SCXS1 chalk
SCXS2 tufa
SF fealic SFX	unspecified SFXS sedimentary	rock SFXS1	laterite,	bauxite
154
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UOXS2 coal/coke dump material
UOXS3	road	construction	material:	tar,	
asphalt,	bitumen)
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UY saltic UYX	unspecified
UYXS sediment UYXS1 salt mud
UYXA 





UP phosphatic UPX	unspecified UPXS sediment UPXS1 phosphoric mud
UF fealic UFX	unspecified





UR	radioactive URX	unspecified URXA anthropogenic URXA1 nuclear waste
X	unspecified X	unspecified X	unspecified X	unspecified
    
E X X x	evaporitic	rock	sequence
K X X x	carbonatic	rock	sequence
L X X x organic rock sequence
M X X x iron ore sequence

















2018. Assessment of potential nutrient release from phosphate rock and dolostone for application in acid 
soils.	Pedosphere,	28,	1,	44–58.
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1. Anthropogenic diagnostic horizons (all are mineral) 
anthraquic horizon	in	paddy	soils:	the	layer	comprising	the	puddled	layer	and	the	plough	pan,	both	showing	




and/or an accumulation of Fe and/or Mn
irragric horizon:	 uniformLy	structured,	at	 least	moderate	content	of	organic	matter,	high	animal	activity;	
gradually	built	up	by	sediment-rich	irrigation	water	
plaggic horizon:	dark,	at	least	moderate	content	of	organic	matter,	sandy	or	loamy;	resulting	from	application	
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mineral material	(with	or	without	organic	residues)	and	deep	cultivation	








3. Organic diagnostic horizons 
folic horizon:	organic	layer,	not	water-saturated	and	not	drained	
histic horizon:	organic	layer,	water-saturated	or	drained	




















petroplinthic horizon:	 sheet	of	connected	yellowish,	 reddish	and/or	blackish	concretions	and/or	nodules	











6. Other mineral diagnostic horizons
cambic horizon:	evidence	of	pedogenic	alteration;	not	meeting	the	criteria	of	diagnostic	horizons	that	indicate	



















9. Other diagnostic properties







protocalcic properties: carbonates	 derived	 from	 the	 soil	 solution	 and	 precipitated	 in	 the	 soil	 (secondary	








and containing a limited amount of short-range-order minerals and/or organo-metallic complexes




11. Diagnostic material related to colour
albic material:	light-coloured	fine	earth,	expressed	by	high	Munsell	value	and	low	chroma
12. Technogenic diagnostic materials	(predominantly	understood	as	parent	materials)
artefacts	created,	substantially	modified	or	brought	to	the	surface	by	humans;	no	subsequent	substantial	
change of chemical or mineralogical properties
technic hard material: consolidated	and	relatively	continuous	material	resulting	from	an	industrial	process

















(prismatic	 or	 columnar);	 or	 by	 a	 change	 of	 colour	 denoting	 hydrolysis,	 reduction	 or	 oxidation.	 Clay	
160















 Fibric material Mesic material Humic material
bulk density (Mg m-3) <	0.075 0.075–0.195 >	0.195
total porosity (% volume) >	90 90–85 <	85
0.01 MPa H2O content (% volume) <	48 48–70 >	70
hydraulic conductivity (cm h-1) >	6 6–0.1 <	0.1




























FAO,	 2015.	Diagnostic	 horizons,	 properties	 and	materials.	 In:	World	 reference	 base	 for	 soil	 resources	
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A	 soil	 horizon	 is	 distinguished	 from	 other	 horizons	 by	 texture,	 colour	 and	 structure,	 which	 result	 from	
soil-forming	processes.	The	 individual	horizons	of	a	soil	profi	le	are	of	variable	 thickness.	Along	with	 its	
designation,	the	depth	to	and	thickness	of	the	horizon	should	also	be	recorded	because	this	informs	about	





































































Soil texture Ideal bulk density  (g cm-3)
Marginal bulk 
density (g cm-3)
Root restricting bulk 
density (g cm-3)
Sands,	loamy	sands <	1.60 1.69 >	1.80
Sandy	loams,	loams <	1.40 1.63 >	1.80
Sandy	clay	loams,	clay	loams <	1.40 1.60 >	1.75
Silts,	silt	loams <	1.40 1.60 >	1.75
Silt	loams,	silty	clay	loams <	1.40 1.55 >	1.65
Sandy	clays,	silty	clays,	loams,	clay	
loams <	1.10 1.49 >	1.58









PD = BD + 0.009																							(Eq.	2.1.9.1)








































    soil aggregates
1.k.	Weigh	the	clod	in	water	to	determine	its	volume
Calculations
                 ρb = (m2-m1)v
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Important	 soil	 properties	 are	 associated	 with	 particle	 size	 distribution	 (PSD),	 among	 others:	 porosity,	
permeability,	infiltration,	shrinking-swelling,	water-holding	capacity,	susceptibility	to	erosion	and	compaction,	
organic	matter	dynamics	 (Table	2.1.10.1).	PSD	controls	 the	 rate	of	drainage	of	a	 saturated	soil.	Water	
percolates	relatively	freely	through	sandy	soils.	At	field	capacity	 it	 influences	water	availability	 to	plants.	
Clayey	soils	have	higher	water-holding	capacities	than	sandy	soils.	Well-drained	soils	show	good	aeration	
and	contain	air	similar	to	atmospheric	air.	Soil	textures	also	differ	in	their	susceptibility	to	erosion	(erodibility):	
those	with	 a	 high	percentage	of	 silt	 and	 clay	are	of	 higher	 erodibility	 than	 sandy	 soils.	Organic	matter	
breaks	down	more	rapidly	in	sandy	soils	if	environmental	conditions	are	otherwise	the	same.	Tillage	and	
soil	management	are	also	 influenced	by	particle	 size	proportions:	 in	 lighter-textured	soils	more	oxygen	
is	available	 for	decomposition.	The	cation	exchange	capacity	of	 the	soil	grows	with	 increased	clay	and	








estimate	 is	 useful	 for	 indicating	 increases	 or	 decreases	 in	 clay	 content	within	 textural	 classes,	 and	 for	
comparing	field	estimates	with	analytical	results.	The	relationship	between	the	basic	textural	classes	and	
the	percentages	of	clay,	silt	and	sand	is	indicated	in	a	triangular	form	in	Fig.	2.1.10.1.
Table 2.1.10.1 Properties of the main soil textural classes
Property/Behaviour Sand Silt Clay
Water holding capacity Low Medium to high High
Aeration Good Medium Poor
Organic matter decomposition Fast Medium Slow
Water erosion potential Low High Low
Compactability Low Medium High
Sealing Poor Poor Good
Nutrient supply Poor Medium to high High
Pollutant leaching High Medium Low


















Phi Sieve/particle diameter [μm]
Range [mm-
mm] Categories FAO 2006 Method





-5 32,000 32–64 Very	coarse	pebbles
-4 16,000 16–32 Coarse	pebbles
-3 8,000 8–16 Medium	pebbles
Medium	gravel
(6.00-20.00 mm)
-2 4,000 4–8 Fine	pebbles
Fine	gravel	(2.00-6.00	mm)
-1 2,000 2–4 Very	fine	pebbles


































1 500 0.50–1 Coarse	sand
Medium sand






























3 0.125 0.125–0.250 Fine sand
Fine sand (0.125-0.200)
4 0.063 0.063–0.125 Very	fine	sand Very	fine	sand
5 0.031 0.031–0.063 Very	coarse	silt
Coarse	silt	(0.020-0.063)
6 0.016 0.016–0.031 Coarse	silt
Fine silt (0.002-0.020)
7 0.08 0.008–0.016 Medium silt
8 0.04 0.004–008 Fine silt
9 0.002 0.002–0.004 Very	fine	silt
10 0.001 0.001–0.002 Clay
Clay	(0.000-0.002)
11 0.000-0.001 0.000–0.001 Fine	clay	+	colloids
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The	 fine	 material	 of	 the	 soil	 is	 separated	 by	 sedimentation,	 two	 main	 methods	 of	 which	 should	 be	
distinguished:	 the	pipette	and	hydrometric	methods,	 fundamentally	based	on	Stokes’	Law	(Khön,	1928;	
Elonen,	1971;	Bouyoucos	1962):
v = g(ρp -ρl)D








D	is	the	particle	diameter	[L,	m]	 	 	 -
η	is	the	fluid	viscosity		 	 	 	 for	water	at	20°C:	0.001	Pas
Stokes	proposed	a	general	equation	 for	 the	 fall	 velocity	of	 small	 particles	 (<	0.1	mm	diameter)	by	first	
considering	the	frictional	resistance	which	the	fluid	offers	to	movement	of	a	settling	sphere.
The pipette method	depends	on	the	assumption	that	sedimentation	eliminates	from	the	depth	L	[m],	in	a	
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For sedimentation:
 • Electric mixer and cup
 • Sedimentation	cylinder	(1,000	mL)
 • Hydrometer	(Bouyoucos	Scale,	5	to	60	g	range)	
 • Tape (mm) 
 • Dispersant	graduated	cylinder	
 • Scale 
 • Stopwatch 
 • Thermometer 










 1.2. Wet sieving

















1.3.e. Measure the soil fractions 
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2.e.   Proceed in a similar fashion for the remainder of the aliquots at times and depths
2.f.				Dry	the	aliquots	to	a	constant	weight	in	an	oven	at	90oC
























































Calculate	 the	percentage	 retained	on	each	sieve	by	dividing	 the	weight	 retained	on	each	sieve	by	 the	





Mass of sieve 
[g]
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                                           F = 4/3πr3 ρp g Eq. 2.1.10.2)
The	net	result	of	forces	acting	on	the	particle	is	given	by:









                                           v = Cr2                                         (Eq. 2.1.10.4)
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where 
 C = 2 (ρp - ρl)g (9 η)
-1   and  C = 3.59 x 104    / if T= 20°C; ρp = 2.65 g cm
-1








Weight	of	Dry	Soil:	determined	by	multiplying	 the	air-dried	weight	by	 the	moisture	correction	 factor	
(MCF)	Weight	of	Dry	Soil	=	Air-dried	Soil	x	MCF
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Fitting the result of sieve and fine component analysis:





































method	 and	 the	 laser-diffraction	 analysis.	 J.	 Plant	 Nutrition	 Soil	 Sci.,	 172,	 2,	 161–171.	 doi:	 10.1002/
jpln.200800085
178








The	 colour	 indicates	 properties	 that	 are	 important	 for	 soil	management:	 texture,	moisture	 and	 organic	
matter	content.	For	 the	purposes	of	soil	 classification,	 the	Munsell	system	allows	 for	direct	comparison	










Mineral Formula Size Munsell Colour
goethite FeOOH (1–2 mm) 10YR	8/6 yellow
goethite FeOOH (~0.2	mm) 7.5YR	5/6 strong	brown
hematite Fe2O3 (~0.4	mm) 5R	3/6 red
hematite Fe2O3 (~0.1	mm) 10R	4/8 red
lepidocrocite FeOOH (~0.5	mm) 5YR	6/8 reddish-yellow
lepidocrocite FeOOH (~0.1	mm) 2.5YR	4/6 red
ferrihydrite Fe(OH)3 2.5YR	3/6 dark red
glauconite K(SixAl4-x(Al,Fe,Mg)O10(OH)2 5Y	5/1 dark	gray
iron sulphide FeS 10YR	2/1 black
pyrite FeS2 10YR	2/1 black	(metallic)
jarosite KFe3(OH)6(SO4)2 5Y	6/4 pale	yellow
todorokite MnO4 10YR	2/1 black
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humus 10YR	2/1 black
calcite CaCO3 10YR	8/2 white
dolomite CaMg(CO3)2 10YR	8/2 white
gypsum CaSO4×2H2O 10YR	8/3 very	pale	brown
quartz SiO2 10YR	6/1 light	grey
Principle
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pH from 5.5 to 
6.5)
Moderately alkalophile crops 
(tolerate pH from 6.0 to 7.0 or 
greater)
Crops of great 
tolerance (tolerate 
a wide range of soil 
acidity or alkalinity, 
from about 5.0 to 7.0)
Blackberry













(6.0-7.5) Leek (6.0-8.0) Corn	(5.5-7.5)
Peanut	(5.0-7.5) Chervil	(6.0-6.7) Bean,	lima(6.0-7.0) Lettuce	(6.0-7.0) Cucumber	(5.5-7.0)














Garlic	(5.5-7.5) Cabbage	(6.0-7.5) Onion	(6.0-7.0) Parsnip	(5.5-7.5)
182
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(6.0-6.7) Celeriac	(6.0-7.0) Radicchio	(6.0-6.7) Tomato	(5.5-7.5)




(6.0-7.5) Rhubarb	(6.5-7.0)  





























a pH 6 solution has 10 times higher concentration of H+	ions	than	a	solution	with	pH	7	and	a	concentration	
100 times higher than a solution with pH 8.
Soil	 pH	 is	 infl	uenced	 by	 both	 acid	 and	 baseforming	 cations	 (positively	 charged	 dissolved	 ions)	 in	 the	
soil.	Common	acid-forming	cations	are	hydrogen	(H+),	aluminium	(Al3+),	and	iron	(Fe2+ or Fe3+),	whereas	





this case the proton (H+ and Al3+)	release	capacity	of	soil	colloids	is	measured.	When	determining	hydrolytic	
acidity	using	a	non-potentiometric	method,	Ca-	and	Na-acetates	basic	solution	(pH	=	8.2)	releases	H+ ions 
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Remarks
































exchange	 capacity	 (CEC),	 drainage	 conditions,	 organic	 matter	 content,	 salinity	 and	 subsoil	 character	
(Sudduth	et	al.,	2005;	Grisso	et	al.,	2009).	Soil	EC	varies	with	the	amount	of	moisture	held	by	soil	particles.	
Sands	have	low,	silts	have	medium,	and	clays	have	high	EC	values.	Soils	in	the	middle	range	of	EC,	which	





Some	 crops	 are	 more	 susceptible	 to	 salinity	 than	 others.	 Each	 species	 has	 an	 electrical	 conductivity	
threshold,	beyond	which	a	reduction	in	yield	must	be	taken	into	account.	






conductance	is	the	reciprocal	of	electrical	resistivity	(Ohm,	symbol:	the	Greek	letter	omega),	Ω-1. Its SI unit 
is Siemens metre-¹. 
Reagents






















Salt in Soil 
g/100g
Osmotic 
potential kPa Crop Salt Tolerance Example Crop
A 0–2 0–0.13 0	to	-70 Sensitive Bean
B 2–4 0.13–0.26 -70	to	-140 Moderately	Sensitive Corn
C 4–8 0.26–0.51 -140 to -280 Moderately	Tolerant Wheat










Campbell,	 G.,	 2017.	 Electrical	 Conductivity	 of	 Soil	 as	 a	 Predictor	 of	 Plant	 Response.	 Environmental	
Biophysics	http://www.environmentalbiophysics.org/electrical-conductivity-soil-predictor-plant-response/
Corwin,	 D.L.,	 Lesch,	 S.,	 2005.	 Application	 of	 soil	 electrical	 conductivity	 measurements	 in	 agriculture.	
Comput.	Electron.	Agric.,	46,	1–3,	11–43.	doi:	10.1016/j.compag.2004.10.005
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This	method	provides	 information	 about	 aggregate	 stability	 and	 size	 distribution.	 It	 can	be	used	as	 an	



































































 that water and small particles pass through the mesh).
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Structure	 is	not	only	an	 important	property	 for	soil	 classification	but	an	 indicator	of	soil	 conditions.	Soil	
structure	 strongly	 influences	 soil	 hydraulic	 and	 solute	 transport	 processes,	 which	 can	 be	 significantly	
improved	or	deteriorated	through	management	practices	(Bronick	&	Lal,	2005).	Soil	structure	deteriorates	
when structural units are deformed. This happens when pressure is applied to a soft soil in wet conditions. 
Pressure	squeezes	the	soil	units	together	and	reduces	pore	space	within	the	units.	A	dry	soil	can	withstand	
pressure	 without	 deforming	 the	 soil	 structure.	 Practices	 that	 increase	 productivity	 and	 decrease	 soil	







250	μm),	primarily	by	physicochemical	and	chemical	 interactions	 involving	cementing	 (e.g.	carbonates)	
and	gluing	agents	(Fe,	Mn,	and	Al	compounds)	(Totsche	et	al.,	2018).	The	small	aggregates	build	 large	
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4. Prismatic and columnar structures	 (Fig.	2.1.15.4)	are	soil	particles	separated	 into	vertical	columns	or	
pillars	by	miniature,	but	defi	nite,	vertical	cracks.	Prismatic	aggregates	are	rectangular,	elongated	with	a	
fl	attened	top,	while	in	columnar	structure	they	have	a	rounded	top.
Figure 2.1.15.4 Prismatic and columnar soils
194
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Structure Appearance Size of individual aggregates Soil type examples
Massive	and	single	grain	
























 soils with prismatic and columnar structures water circulation is hindered and drainage is poor
• In	soils	with	sandy	texture	aggregate	stability	is	often	difficult	to	maintain	due	to	low	organic	matter	and	
	 clay	content	and	weak	cementing.	In	clay	soils,	however,	there	is	insufficient	pore	space	between	















Snyder,	 V.A.,	 Vázquez,	 M.A.,	 2005.	 Structure.	 In:	 Encyclopedia	 of	 Soils	 in	 the	 Environment.	 Elsevier,	





















et	al.	 (1985)	and	FitzPatrick	 (1993).	The	characteristic	diff	erence	between	 the	classifi	cations	 lies	 in	 the	
defi	nition	of	constituents.	The	following	descriptions,	illustrated	by	photographs,	are	not	a	perfect	but	useful	
key	for	interpreting	microscopic	pedological	features.	
The	basic	 components	 are	mineral and organic components	 as	 the	 simplest	 fabric	 units	 of	 the	 soil.	
Mineral	components	are	well	described	by	handbooks	of	petrography	and	are	not	detailed	here.	





 the soil matrix 
The organic components are
• Coarse	fragments:	roots	and	tissue	residues	(Fig.	2.1.16.1)
Figure 2.1.16.1	Root	fi	bre	and	tissue	residue



















Vesicles	 are	 independent,	 separate	 features	with	 spherical	 or	 elliptical	 shapes	 and	 smooth	walls	 (Fig.	















shapes	 (Fig.	 2.1.16.12);	 prismatic	 angular	 blocks	 (Fig.	 2.1.16.13);	 platy,	 leaf-shaped	 aggregates	 (Fig.	
2.1.16.14). 
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 C. Relationship between coarse and fi ne constituents	 (after	Stoops	&	Jongerius,	1975):	monic	
(‘single	population’),	applicable	for	amorphous	and	uniform	size	particles	(Fig.	2.1.16.15);	gefuric	(‘linked	
and	coated’),	bridges	and	braces	of	fi	ne	material	(Fig.	2.1.16.16);	chitonic	(‘coated’),	where	the	fi	ne	material	
partially	 or	 entirely	 coats	 the	 coarser	 particles	 (Fig.	 2.1.16.17);	 enaulic	 (‘intergrain	 aggregate’),	 where	
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Figure 2.1.16.16	Gefuric	microstructure
Figure 2.1.16.17	Chitonic	microstructure
Figure 2.1.16.17 Enaulic microstructure
Figure 2.1.16.18	Porphyric	microstructure	with	birefringent	fi	ne	material
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 D. Birefringence (b-)fabric	 is	usually	recognised	under	crossed	nicols.	Fine	materials	(clay	or	fi	ne	
organic	matter)	appear	through	the	interference	of	colours.	By	the	orientation	of	the	fi	ne	matrix,	random	
(speckled b-fabric) or elongated zones with parallel extinction (striated b-fabric) are distinguished. The 
granostriated fabric	means	striations	around	grains	 (Fig.	 2.1.16.19).	 In	 the	monostriated microstructure 
striations are isolated lines (Fig. 2.1.16.20). Parallel	or	subparallel	striations	also	occur	(Fig.	2.1.16.21).	
Cross-striated	if	striations	intersect	and	are	inclined	(Fig.	2.1.16.22).	Crystallitic	if	(micro)	crystallites	or	small	




Figure 2.1.16.20 Monostriated microstructure
Figure 2.1.16.21	Parallel	striated,	embedded	microstructure
204
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• Infi llings	are	voids	(partially)	fi	lled	with	soil	or	some	fraction	(fi	ne	material,	clay,	gypsum,	carbonates);	
totally	fi	lled	(Fig.	2.1.16.28);	continuous	infi	lling	with	some	empty	spaces	(Fig.	2.1.16.29);	infi	lling	without	
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 component groups]) 
• feature and pattern:	predicted	change	in	the	size	of	microaggregates,	abudance	of	opaque	organic	
	 materials,	distribution	of	roots,	fillings	or	depletions	of	channels,	cracks,	compaction	or	lack	of	
	 bioturbation,	etc.
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 d. Map and photograph the soil surface
212
























                  I [mm h-1] =       
Water volume [L]
                                       Time [h] × Plot area [m
2]                        
(Eq.	2.1.17.1)
	 Runoff	coefficient	[%]: RC [%] =      
Runoff [L]      
                                                       Precipitation [L] 
× 100	 																						(Eq.	2.1.17.2)
	 b.	Infiltration	rate	(mm	h-1):
                I [mm h -1]=Precipitation [mm h-1] - Runoff [mm h-1]			 									(Eq.	2.1.17.3)
Remarks
• none
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Soil	 erosion	 is	 now	 being	 recognised	 as	 a	 severe	 threat	 to	 socio-ecological	 security	 and	 stability.	The	


















• Gerlach	 trough.	 Custom	 construction	 from	 galvanised	 sheet	 metal	 (1mm	 wall	 thickness).	 The	































 a. Sediment load (g m-1):
 SSL (g m-1) =  
Sediment load (g)
 
                               
trough width (m)                                    
(Eq. 2.1.18.1)
	 b.	Sediment	concentration	(g	L-1):
 SSC (g L-1) = 
Sediment load (g)
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 Rill and ephemeral gully density [m/m2] =  
Rill and ephemeral gully length [m]
                                                                                      Research area [m
2]
                  
(Eq.	2.1.19.1)
	 b.	Cross-sectional	area:
  V – shaped area [m2] = 1/2 × depth [m] × width [m]	 																										(Eq.	2.1.19.2)
  U – shaped area [m2] = depth[m]× width[m] × π	 	 	 (Eq.	2.1.19.3)
  Rectangular – shaped area [m2] = depth[m] × width [m]	 	 (Eq.	2.1.19.4)
	 c.	Estimation	of	rill	and	ephemeral	gully	volume:	
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  • Overlap	80%,	lateral	overlap	>	60%,	if	possible	also	oblique	images
  • Ground	resolution	~0.25	m
  • Point	cloud	and	DEM	(digital	elevation	model)	generation	by	means	of	appropriate	SfM-software
  • Orthophoto	as	basis	for	visual	delineation	of	the	gully	edge
  • Identification	of	the	uppermost	gully	headcut	point









 Gully growth rate [m/a] =  
headcut retreat [m]
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Soil	moisture	conditions	are	closely	 linked	 to	pore	volume,	pore	size	distribution,	capillary	 rise	capacity	
and	 the	 groundwater	 table.	Water	 tension	 controls	 the	 germination	 time	 of	 seeds.	 In	 orchards	 and	 for	
horticultural	crops,	irrigation	design	is	based	on	the	prediction	of	the	dynamics	of	soil	moisture	status.































               Θ(ψ) = Θr+(Θs - Θr)/(1+(α │ψ│n)1-(1/n)     (Eq. 2.1.21.2)
















localised	 irrigation,	since	 they	can	be	useful	 in	 the	application	of	defi	cit	 irrigation	strategies,	 in	order	 to	
avoid	promoting	severe	water	stress	to	the	crop	(Pérez-Pastor	et	al.,	2009).	The	values	of	ψm	obtained	
with	tensiometers	have	been	widely	used	in	woody	crops	(Pérez-Pastor	et	al.,	2016).	Kaufmann	and	Elfving	
(1972)	 found	a	good	correlation	between	 the	 readings	of	 the	 tensiometers	and	 the	 leaf	water	potential	
224
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before	dawn	(ψa).




kPa Bar H2Ocm pF Meaning
0 0 0 1 Saturated soil
-33 -0.333 -336.50 2.5 Field	Capacity	(FC)	
-1500 -15 -15849.00 4.20 Wilting	Point	(WP)
















• Auger for undisturbed soil sampling
• Equipment for determinating actual (in situ) FC:
 • Auger to prepare the hole for the tensiometer
 • Tensiometer
	 •	Matric	potential	sensors	(MPS-6,	now	called	Teros	21,	METER	GROUP)
• Equipment for determining FC, WP by pressure ceramic plate exactors at different vacuum levels in the 
 laboratory







 • Fit the tensiometer into the hole
 • Check	if	fitting	is	tight	between	the	soil	surface	and	ceramic	tip
 • Wait	10-30	minutes	for	the	balance	between	the	internal	and	external	part	of	the	ceramic	tip	(depending	
















 to reach the moisture content appropriate at actual pressure (i.e. suction). 
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2.1.22 Saturated Hydraulic Conductivity
Raúl	Zornoza,	José	A.	Acosta,	Silvia	Martínez,	Virginia	Sánchez-Navarro,	Ángel	Faz	




Saturated	 hydraulic	 conductivity	 measured	 in	 the	 field	 (KS)	 is	 one	 of	 the	 most	 important	 hydrological	





































             I (L m-2 = mm) = 
Poured water volume (L)  at each time
                                                               
πr2 (m)                         
(Eq. 2.1.22.1)
	 b.	Calculate	the	experimental	cumulative	infi	ltration	“I ”	as	follows	at	each	cumulative	time	t	(s):
             Cumulative I (mm) = ∑ N  
                                                     
t =1  I




	 d.	Calculate	the	infi ltration rate,	IR (mm s-1)	by	the	slope	of	the	linearised	cumulative	infi	ltration	curve	
	 				(Figure	2.1.22.1),	estimated	by	a	linear	regression	analysis	of	the	(I / √t, √t) data collected during the 
	 				steady-state	phase	of	the	infi	ltration	run.
	 e.	Calculate	Ks	as	follows:	
                 Ks (mm s
-1) =           
IR
                                     0.467 (1+ 2.92
                                                       
r α*   
)
               
(Eq. 2.1.22.3)
 where
           IR (mm s-¹):	is	the	infi	ltration	rate	
           r	(m):	is	the	radius	of	the	ring
           α*	(mm-1):	0.0262	+	0.0035	x	ln(IR)	 	 	 	 										(Eq.	2.1.22.4)




Ks class Ks rate (mm s-1)
Very	rapid 141.14 10-3
Rapid 42.34 10-3–141.14 10-3
Moderately	rapid 14.11 10-3–42.34 10-3
Moderate 4.23 10-3–14.11 10-3
Moderately	slow 1.41 10-3–4.23 10-3
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and	 volumetric	 methods),	 neutron	 probes,	 Time-Domain	 Reflectometry	 (TDR),	 and	 Frequency-Domain	




Actual	 soil	 moisture	 content	 (SWCa) is often measured gravimetrically	 by	 drying	 a	 soil	 sample	 under	
controlled	 conditions	 (Reynolds,	 1970a,b,c).	 For	 soil	moisture	monitoring,	Time	Domain	Reflectrometry	




                                      K=   ε
                                             
ε0                                                                                              
(Eq. 2.1.23.1)
























 • Aluminium tins
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For the in-situ TDR-based method:
	 a.	Calibrate	the	TDR	sensors	for	the	soil	types	in	the	laboratory
	 b.	Create	soil	sample	series	which	have	different	moisture	contents	(e.g.	5,	10,	30,	40	%)	gravimetrically	
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2.1.24 Abundance and size of roots
Raúl	Zornoza,	José	A.	Acosta,	Silvia	Martínez,	Virginia	Sánchez-Navarro,	Ángel	Faz	












The	 method	 proposed	 here	 is	 adapted	 from	 FAO,	 (2006).	 The	 size	 and	 abundance	 of	 plant	 roots	 is	
determined	using	a	10	cm	x	10	cm	transparent	grid	subdivided	into	1	cm	x	1	cm,	as	shown	in	Fig.	2.1.25.1.	
















































Fine 0.5 – 2










Micucci,	 F.G.,	 Taboada,	 M.A.,	 2006.	 Soil	 physical	 properties	 of	 soybean	 (Glycine	 max,	 Merrill)	 root	
abundance	 in	conventionally-	and	zero-tilled	soils	 in	 the	humid	Pampas	of	Argentina.	Soil	Till.	Res.,	86,	
152–162.
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In	 the	soil,	 the	exchangeable	ammonia	 (NH4
+)	 is	adsorbed	on	 the	exchange	complex,	while	 the	nitrate	
form	circulates	in	the	liquid	phase	of	the	soil.	Both	the	soil	nitrate	and	the	ammonia	are	mineral	N	forms	
contributing	 to	 crop	 nutrition,	 simultaneously	 present	 in	 a	 dynamic	 equilibrium:	merely	 by	 virtue	 of	 this	
balance,	they	are	under	constant	transformation	from	one	form	to	another,	as	mediated	by	soil	microfl	ora	




The determination of ammonia (NH4+)	is	a	key	analysis	on	the	assessment	of	soil	fertility.	Several	methods	are	
available	for	determination	of	this	ion	in	soil	extracts	(Fig.	2.2.1.1).	Among	them,	colorimetric	methodologies	
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Principle
The soil sample is treated with a solution of potassium chloride (2 mol x L-1);	the	extract	is	then	analysed	by	
continuous	fl	ow	colorimetric	system.	The	ammonia	nitrogen	content	is	determined	by	the	Berthelot	reaction	
(sometimes	 called	 the	 “indophenol	 reaction”),	 discovered	 in	 1859,	 in	which	 sodium	salicylate	 forms	an	
indophenol	in	the	presence	of	ammonia	and	hypochlorite.	When	NH3,	phenol,	and	hypochlorite	were	mixed	
in	sequence,	the	reaction	produced	a	blue	or	blue-green	coloured	solution,	whose	intensity	is	correlated	to	
the concentration of NH4+ in the soil extract.
Figure 2.2.1.2	Operating	scheme	of	the	AutoAnalyzer	Unit
Reagents
• Solution of potassium chloride (2 mol x L-1	KCl)	(R0):	dissolve	149	g	of	potassium	chloride	(KCl)	in	a	
	 1000	mL	graduated	fl	ask	containing	approximately	800	mL	of	H2O.	Bring	to	volume
• Buff	er	solution	pH	5.2	(R1):	dissolve	24	g	of	sodium	citrate	(C6H5Na3O7) and 33 g of sodium and 






	 (C3Cl2N3NaO3 x 2H2O	and	25	g	of	sodium	hydroxide	(NaOH)	in	H2O	in	a	1000	mL	graduated	fl	ask.	
	 Bring	to	volume
• Solution (200 mg x L-1) of ammonia nitrogen (N-NH4+)	(R5):	dissolve	0.9439	g	of	ammonia	sulphate	
	 [(NH4) 2SO4] in H2O	in	a	1000	mL	graduated	fl	ask.	Bring	to	volume.	This	solution	can	be	stored	for	1	





































                               C =  
(A – B)*D*V
                                               
m                                                                                             
(Eq. 2.2.1.1)
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where 
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1982).	Due	to	potential	N	 leaching	 in	some	specifi	c	pedo-climatic	conditions,	 the	use	of	high	mineral	N	
inputs	or	non-stabilised	animal	manure	could	determine	an	excess	of	NO3
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Reagents








































in mg x kg-1:
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                              C =  
(A – B)*D*V
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 6Mo7O24 x 4H2O]	in	H2O	in	a	1000	mL	graduated	flask.	Dilute	to	volume	with	H2O	and	store	in	a	dark	
 glass container.
• Potassium	tartrate	antimony	solution	(1	mg	of	Sb	x	mL-1)	(R6):	dissolve	0.2728	g	of	potassium	antimony	
	 tartrate	[(K	(SbO)	x	C4H4O6 x ½ H2O]	in	H2O	in	a	100	mL	graduated	flask.	Bring	to	volume	with	H2O.
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Materials and equipment















  phosphorus solution







                    C = (A – B) 
V1  50













P-Olsen (mg kg-1) pH (in water) TOC (g kg-1) Ntot (g kg-1) Soil type (0-20 cm)
7.2474 6.9183 2.7425 0.4114 Arenosols
19.528 8.0784 6.1143 1.2413 Calcisols
12.078 7.9485 7.5033 1.9959 Cambisols
13.061 7.9306 7.7798 1.3277 Fluvisols
10.638 7.0000 15.858 0.4100 Gleysols
13.381 7.0114 5.0595 1.6009 Luvisols
16.739	 7.5408 4.3386 0.8795 Regosols
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(Sawyer	 &	Mallarino,	 1999;	 Iatrou	 et	 al.,	 2014).	 Compared	with	 the	 original	 colorimetric	 determination	
of	M3	 extracts	 (ascorbic	 acid	method,	 considered	 specifi	c	 for	 the	 orthophosphate	 form	 of	 P),	 the	 ICP	
usually	measures	higher	values	of	M3-P	(Mallarino,	2003;	Sikora	et	al.,	2005;	Iatrou	et	al.,	2014),	since	














is	 solubilised	 under	 diff	erent	 mechanisms:	 nitric	 and	 acetic	 acids	 increase	 the	 solubility	 of	 Fe	 and	Al	
phosphates	 and	 extracts	Ca	 phosphates,	 fl	uoride	 increases	 the	 quantity	 of	 orthophosphate	 in	 solution	
by	complexing	Al	cations,	and	the	acetic	acid	keeps	the	solution	buff	ered	below	pH	2.9	to	prevent	CaF2 




multiple element determinations on the same soil extract. Data on the elemental concentration are reported 
as mg kg-1 soil.
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Reagents
• Nitric	acid	10%	v/v:	dilute	10	mL	concentrated	HNO3	(HNO3	68-70%	ACS	grade,	CAS	7698-37-2)	in	
 100 mL of deionised water
• Ammonium	fluoride	(NH4F)	CAS	12125-01-8
• Ethylene	diamine	tetra-acetic	acid	(EDTA)	CAS	60-00-4
• Ammonium nitrate (NH4NO3)	CAS	6484-52-2
• Glacial	acetic	acid	(CH3COOH)	CAS	64-19-7










































                              P =   
C    V
   DF
                                     








 DF is dilution factor (DF = 1.00 with no sample dilution).
If	dilution	of	the	sample	is	required,	the	DF	is	given	by
                                  DF =  
B + C
                                                                   
                                            
C         
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Table 2.2.3.2	Interpretation	of	M3-P	soil	test	values	measured	by	the	Bray-P1,	Olsen,	colorimetric	M3	and	M3	ICP	tests	
for	most	Iowa	soils	and	crops	(15-20	cm	soil	sampling	depth)	(modified	from	Mallarino	et	al.,	2013).
Relative Level P (g kg-1) M3 ICP P (g kg-1) Bray P1 or M3 P P (g kg-1) Olsen
Very	low  0–15  0–8  0–5
Low  16–25 	9–15 	6–9
Optimum  26–35  16–20  10–13
High  36–45  21–30  14–18



































Mallarino,	A.,	 1995.	 	 Comparison	 of	Mehlich	 -	 3,	Olsen,	 and	Bray	 -	 P1	Procedures	 for	 Phosphorus	 in	
Calcareous	Soils.	Proceedings	of	the	25th	North	Central	Extension	–	Industry	Soil	Fertility	Conference	11,	
96–101.
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with	 triethanolamine	 at	 pH	 8.1.	With	 the	 latter	method,	 the	 effective	 cation	 exchange	 capacity	 (ECEC;	
2.2.4.2)	of	the	soil	is	determined	at	the	original	pH	and	at	a	low	total	ionic	strength	(about	0.01	mol	L-1). 
Additionally,	the	content	of	exchangeable	sodium	(Na),	potassium	(K),	calcium	(Ca)	and	magnesium	(Mg)	
in soil is determined. 
In	both	methods,	the	soil’s	exchange	sites	are	saturated	with	Ba,	either	using	a	BaCl2	solution	buffered	at	pH	
8.1	(Section	2.2.4.1)	or	unbuffered	solution	(Section	2.2.4.2).	Subsequently,	Ba	is	replaced	and	precipitated	





Additionally,	 the	 sum	of	 the	 exchangeable	 cations,	 i.e.	Na,	K,	Ca	 and	Mg	 can	 be	 quantified	 in	 the	Ba	
exchange	solution	and	represents	the	exchangeable	bases	(method	in	2.2.4.1)	or	the	relative	contribution	
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2.2.4.1 Determination of potential CEC and exchangeable cations using 










 water to 2 L
• Extraction	solution.	Add	equal	volume	fractions	of	solutions	1	mol	L-1	BaCl2 and triethanolamine. Protect 
	 the	solution	during	storage	from	contact	with	CO2	and/or	prepare	fresh	solution	any	time	when	needed





































	 f.	 Weigh	the	centrifuge	tube	together	with	the	remaining	content	(m2).	Add	30	mL	of	MgSO4 solution 
	 	 f)	and	shake	overnight.	Decant	the	solution	and	filter	into	PE	bottles.	Store	filtrate	II	for	analysis	of	















                    c2 = [c1 × (30 + m2 – m1)] × 30







                   CEC = 3000 × (cb1 – c2)] × m
-1 [cmolc kg
-1]       (Eq. 2.2.4.1.2)
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Determination of the exchangeable sodium and potassium:
	 a.	Determine	sodium	(Na)	and	potassium	(K)	in	acidified	barium	chloride/triethanolamine	extract	of	the	
  soil samples using FAAS
	 b.	Calibration:	Prepare	solutions	with	0	mL,	5	mL,	10	mL,	15	mL,	20	mL	and	25	mL	of	the	diluted	stock	
	 	 in	50	mL	volumetric	flasks.	Add	10.0	mL	of	extraction	solution	e)	and	5.0	mL	of	1	mol	L-1 hydrochloric	
	 	 acid.	Fill	up	to	the	mark	with	water.	The	resulting	concentrations	of	Na	are	0,	4,	8,	12,	16,	20	mg	L-1. 
	 	 The	resulting	concentrations	of	K	are	0,	10,	20,	30,	40,	50	mg	L-1 
 c. Analysis:	Fill	2.0	mL	of	the	filtrate	I	and	of	the	blank	sample,	respectively,	into	reaction	tubes.	Add	




     c(Na, exchangeable) = 2.1749 × (csample – cblank) / m   [cmolc kg
-1]    (Eq. 2.2.4.1.3)
     c(K, exchangeable) = 1.2788 × (csample – cblank) / m   [cmolc kg
-1]                 (Eq. 2.2.4.1.4)
with the measured concentrations in the diluted sample (csample)	 and	 the	 diluted	 blank	 sample	 (cblank),	
respectively,	and	m	is	the	soil	mass	in	g.
Determination of the exchangeable calcium and magnesium:
	 a.	Determine	calcium	(Ca)	and	magnesium	(Mg)	in	acidified	barium	chloride/triethanolamine	extract	of	
  soil samples using FAAS
	 b.	Calibration:	Prepare	solutions	with	0	mL,	2	mL,	4	mL,	6	mL,	8	mL	and	10	mL	of	the	mixed	stock	
	 	 solution	in	100	mL	volumetric	flasks.	Add	10.0	mL	of	extraction	solution	and	10.0	mL	of	1	mol	L-1 
  HCI.	Fill	up	to	the	mark	with	water.	The	resulting	concentrations	of	Ca	are	0,	1,	2,	3,	4,	5	mg	L-1. The 






    c(Ca, exchangeable) = 8.2288 × (csample – cblank) / m   [cmolc kg
-1]             (Eq. 2.2.4.1.5)
    c(Mg, exchangeable) = 4.9903 × (csample – cblank) / m   [cmolc kg
-1]             (Eq. 2.2.4.1.6)
with the measured concentrations in the diluted sample (csample)	 and	 the	 diluted	 blank	 sample	 (cblank),	
respectively,	and	m	is	the	soil	mass	in	g.
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2.2.4.2 Determination of the effective cation exchange capacity and 




• Barium	chloride	(BaCl2)	solution;	c(BaCl2) = 0.1 mol L-1.	Preparation:	Dissolve	24.43	g	of	BaCl2	×	2	H2O	
	 in	1000	mL	of	water	(use	volumetric	flask)
• BaCl2	solution;	c(BaCl2) = 0.0025 mol L-1.	Preparation:	Dilute	25	mL	of	the	0.1	mol	L-1 solution in 1000 
 mL of water














 up to the mark with water. See Remarks












	 	 cap	tightly.	Note	the	combined	mass	of	tube	and	soil	(m1) 
	 b.	Add	30	mL	of	of	the	0.1	mol	L-1  BaCl2	solution	and	shake	for	1	h.	Subsequently	centrifuge	the	
	 	 tubes	at	3,000	g	for	10	min.	Note:	Balance	tubes	before	centrifugation.	Transfer	the	supernatant	
266
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	 	 liquid	to	a	100	mL	volumetric	flask.	Repeat	this	procedure,	i.e.	the	addition	of	30	mL	of	BaCl2	solution,	
	 	 shaking	and	centrifugation	twice	more.	Collect	all	three	supernatants	in	the	same	volumetric	flask.	
	 	 volume	of	the	volumetric	flask	with	the	0.1	mol	L-1	BaCl2	solution.	Mix,	filter	and	store	the	extract I 
	 	 determination	of	the	exchangeable	concentration	of	Na, K, Ca and Mg. See Remarks
Cleansing:
 c. Add 30 mL of the 0.1 mol L-1 BaCl2	solution	to	the	soil	pellet	and	shake	overnight.	(Resulting	Ba	
	 	 concentration	the	equilibrium	solution	will	be	about	0.01	mol	L-1).	Centrifuge	tubes	at	3,000	g	for	10	
  min. Decant the supernatant liquid 
Re-exchange:


























                            CEC = (cb1 - c2) 3,000 / m                                                          (Eq. 2.2.4.2.2)







If	 the	CEC	exceeds	 40	 cmolc kg-1,	 the	 determination	 should	 be	 repeated	 using	 less	 soil,	 adjusting	 the	
calculation	accordingly.	
Determination of the exchangeable sodium and potassium











           c(Na, exchangeable) = 2.1749 × (csample – cblank) / m   [cmolc kg
-1] (Eq. 2.2.4.2.3)
           c(K, exchangeable) = 1.2788 × (csample – cblank) / m   [cmolc kg
-1]  (Eq. 2.2.4.2.4)




  samples using FAAS
	 b.	Calibration:	Prepare	solutions	with	0	mL,	2	mL,	4	mL,	6	mL,	8	mL	and	10	mL	of	the	sodium	and	
	 	 potassium	stock	solution	in	100	mL	volumetric	flasks.	Add	10.0	mL	of	the	0.1	mol	L-1	BaCl2 extraction 








           c(Ca, exchangeable) = 8.2288 × (csample – cblank) / m   [cmolc kg
-1]  (Eq. 2.2.4.2.5)
        c(Mg, exchangeable) = 4.9903 × (csample – cblank) / m   [cmolc kg
-1]  (Eq. 2.2.4.2.6)
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It	can	be	seen	 that	with	decreasing	soil	pH,	 the	base	saturation	decreases	and	 the	difference	between	














CaCl2 % cmolc kg-1 Al Mn Fe Na K Ca Mg %
Arable soils (central Europe)
Luvisol loess 6.3 1.4 17 14 <LODa  – b  – <1 5 80 15 100
Chernozem loess 7.2 1.6 18 18 <LOD  –  – 0.4 0.5 90 9 100
Vertisol mudstone 6.7 2.4 22 17 <LOD  –  – <LOD 9 83 8 100
Cambisol terrace mat. 6.6 1.6 13 11 <LOD 0.7 0.02 0.5 3.3 77 20 100
Cambisol claystone 6.6 1.9 14 11 <LOD 0.7 0.08 0.3 7.2 73 20 100
Forest soils (central Europe)
Podzol granite 2.6 12 17 6.8 65  –  – 2.0 5 22 6 35
Stagnosol loess 3.8 5.7 18 5.4 69  –  – 11 6 13 <2 30
Cambisol loess 2.9 20 60 12 85  –  – <LOD 5 5.8 4.2 15
Soils in other climates
Vertisol 6.8 0.9 45 47 <LOD  –  – 3.6 0.4 71 25 100
Ferralsol 3.5 2.8 13 2.6 89  –  – 1.2 3.1 2.7 3.5 11
Acrisol 3.5 3.3 26 7.2 72  –  – 1.4 2.8 15 8.3 28















 lanthanum solution containing 10 g L-1	must	be	prepared,	while	here	the	concentration	of	La	is	10	mg	L-1. 













Mehlich,	 A.,	 1938.	 Use	 of	 triethanolamine	 acetate-barium	 buffer	 for	 the	 determination	 of	 some	 base	
exchange	properties	and	lime	requirement	of	soil.	Soil	Sci.	Soc.	Am.	Proc.,	3,	1–14.
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2.2.5 Total nutrients and metals (Ca, Mg, K, Fe, Mn, Cu, Zn, Cd, Pb, Ni, 


















A	 representative	 sample	 is	 extracted	 and/or	 dissolved	 in	 concentrated	 nitric	 acid,	 or	 alternatively,	
concentrated	 nitric	 acid	 and	 concentrated	 hydrochloric	 acid	 using	 microwave	 heating	 with	 a	 suitable	
laboratory	microwave	unit.	The	sample	and	acid(s)	are	placed	in	a	microwave	vessel.	The	vessel	is	sealed	
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Calculations
Convert	the	extract	concentration	obtained	from	the	instrument	in	mg/L	to	mg/kg	dry-weight	of	sample	by
            Sample concentration (mg kg-1) =  
X  V
  DF
                                                                   






 DF is the dilution factor (DF = 1.00 with no sample dilution).
Remarks
• All	digestion	vessels	must	be	carefully	acid	washed	and	rinsed	with	reagent	water.	When	switching	
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(Rieuwerts	 et	 al.,	 1998,	 Lassat,	 2001,	Reichman,	 2002,	Basta,	 2004).	The	 bioavailability	 is	 defined	 as	
the	 heavy	metal	 fraction	 available	 for	 plant	 uptake.	 For	 sustainable	 farming,	 the	 bioavailable	 nutrients	
and	metals	must	be	monitored	to	ensure	the	necessary	amount	of	nutrients	for	high	quality	and	optimal	




of	 potential	 toxic	metals	 allows	 to	 evaluate	 the	 risk	 of	 transfer	 to	 the	 food	 chain,	 and	 the	 need	 to	 use	
techniques	for	reducing	their	availability	which	will	minimise	this	risk.
The	 bioavailability	 depends	 on	 the	 solubility	 and	 adsorption	 capacity	 of	metals	 in	 the	 colloidal	 fraction	
of	soil.	The	interaction	between	the	different	processes	such	as	cation	exchange,	adsorption/desorption,	
precipitation/dissolution	and	complex	formation	affect	the	distribution	of	metals	between	the	soil	solution	
and	 the	 solid	 phase,	 being	 responsible	 for	 their	mobility	 and	 bioavailability	 (Rieuwerts	 et	 al.,	 1998).	 In	












• CaCl2 x 2H2O	(0,01	N)
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Soil with pH > 6: DTPA 0.05 M at pH 7.30:	
	 a.	Preparation	of	DTPA	solution:
	 	 -	 Weigh	the	following	reagents	into	a	250	mL	beaker:
    • DTPA	(diethyene-triamine-pentaacetic	acid):	1.9667	g	
    • CaCl2 x 2H2O	(0,01	N):	0,0735	g	
    • Triethanolamine	(TEA)	(0.1	M):	14	mL	(TEA	98	%)	or	15.6	mL	(TEA	85	%).
  - Shake the solution.
  - Make up to 1 L with deionised water.
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Soil with pH < 6: EDTA 0.005 M at pH 4.65:
	 a.	Preparation	of	EDTA	solution:
	 	 -	Weigh	the	following	reagents	into	a	250	mL	beaker:
    • EDTA	(ethylene-diamine-tetraacetic	acid):	1.8612	g.
    • Ammonium acetate (AcNH4):	77	g.
  -Shake the solution.












• Convert	the	extract	concentration	obtained	from	the	instrument	in	mg	L-1 to mg kg-1	dry-weight	of		
	 sample	by:
        Sample concentration (mg kg-1) =   
X  V
  DF
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in	the	western	energy	regions:	U.S.	Geological	Survey	Circular	841,	16	p.
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2.2.7 Total carbon (organic and inorganic carbon) and nitrogen




Importance and applications 
Organic	Carbon	(OC)	is	the	main	source	of	energy	and	nutrients	for	soil	microorganisms,	affecting	plant	
growth.	It	plays	a	crucial	role	in	aggregate	stability	and	consequently	intervenes	in	the	distribution	of	the	
porous	 space,	 water	 holding	 capacity,	 and	 soil	 moisture,	 amongst	 other	 soil	 properties.	 Total	 Organic	
Carbon	(TOC)	affects	most	of	the	chemical,	physical	and	biological	soil	properties	linked	to	their	quality,	
sustainability	and	productive	capacity.	An	increase	in	Soil	Organic	Matter	(SOM),	and	therefore	total	carbon	
(C),	 leads	 to	 greater	 biological	 diversity	 in	 the	 soil,	 thus	 increasing	 biological	 control	 of	 plant	 diseases	
and	pests.	There	are	management	practices	 that	 cause	a	detriment	of	TOC	over	 time,	while	 there	are	





































• Desiccator and silica gel
Procedure
Carbon/total nitrogen:




















PART 2. SOIL PHYSICOCHEMICAL ANALYSES
279
Table 2.2.7.1	Range	of	values	in	different	agricultural	soils



























































Capriel,	P.,	2013.	Trends	 in	organic	carbon	and	nitrogen	contents	 in	agricultural	soils	 in	Bavaria	 (south	
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- minerals. Their formation and importance 
varies	with	pedo-climatic	regions,	but	it	is	their	common	feature	that	the	soil	solution	contains	carbonic	acid.	
The primary source	of	carbonates	is	calcite,	dolomite,	gypsum,	marl	and	calcareous	sandstone.	Dolomite	
and	vermiculite	are	also	major	sources	of	magnesium.	Carbonated	 lime	accumulates	 in	 the	 function	of	
soil	water	budget	during	the	weathering	of	Ca/Mg(CO3)2	present	in	carbonate	rocks.	In	many	cases,	soil	

























                       CaCO3 + 2 HCl = CO2 + CaCl2 + H2O           (Eq. 2.2.8.1)
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 h. Perform the procedure three times
Table 2.2.8.1	Relative	fizzing	values	and	amount	of	investigated	soil	sample 
Fizzle Notation Required soil sample (g)

















                   ρm  = 44.615 (p 101.325
-1) (273.15 T-1)                                         (Eq. 2.2.8.3)
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749.00 751.00 753.50 756.00 758.00 760.00 762.50 765.00 767.00 769.00
27 4099 4114 4129 4143 4158 4169 4179 4190 4200 4211
26 4114 4139 4144 4158 4172 4183 4193 4204 4214 4225
25 4128 4143 4158 4172 4186 4197 4208 4219 4230 4241
24 4142 4157 4172 4186 4200 4211 4222 4233 4244 4255
23 4156 4171 4186 4200 4214 4226 4237 4248 4259 4270
22 4170 4185 4200 4214 4228 4240 4252 4263 4274 4285
21 4184 4199 4214 4229 4243 4255 4267 4279 4290 4301
20 4199 4214 4229 4243 4257 4269 4281 4292 4303 4214
19 4213 4228 4243 4258 4272 4284 4296 4307 4318 4329
18 4228 4243 4258 4272 4286 4298 4310 4321 4332 4343
17 4242 4257 4272 4296 4300 4312 4324 4335 4346 4357
16 4256 4271 4286 4300 4314 4326 4338 4349 4360 4371
15 4271 4286 4301 4315 4329 4341 4353 4364 4375 4386
To	calculate	the	dolomite	pressure,	subtract	the	CaCO3 pressure (30 second reading) from the total pressure 
(30–45 minute reading). 
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2.2.9 Soil Organic Carbon. Functional pools







and	 have	 certain	 turnover	 rates.	 Particulate	 organic	 matter	 (POM),	 defined	 as	 fresh	 or	 decomposing	
organic	material	(mainly	composed	of	fine	root	fragments	and	other	organic	debris)	between	53	and	250	
μm	in	diameter	and	serves	as	a	readily	decomposable	substrate	for	soil	microorganisms	(Mrabet	et	al.,	










is	 that	 the	association	of	soil	particles	and	 their	spatial	arrangement	play	a	key	 role	 in	SOM	dynamics,	
because	bioaccessibility	 is	a	prerequisite	 for	decomposition.	Physical	 fractionation	of	SOM	 is	useful	 for	
distinguishing	specific	C	pools	responsive	 to	management,	 identifying	 the	physical	control	of	SOM,	and	





• Sodium hexametaphosphate (5 g L-1):	dissolve	5	g	of	sodium	hexametaphosphate	in	distilled	water,	
































POC (g kg-1) Land use Soil type Reference
15–35 Barley/	CT	vs	NT Vertisol Somasundaram	et	al.,	(2017)
1.60–4.6 Barley/CC	vs	NT Hypercalcic	calcisol Blanco-Moure	et	al.,	(2013)
0.58–1.53 Barley/wheat Calcaric	cambisol Moharana	et	al.,	(2017)
2.7 Olive Hypercalcid	calcisol Martínez-Mena	et	al.,	(2008)
0.8 Vegetable	cropping	system Gleyc	Luvisol Baiano	&	Morra	(2017)
1.44–4.57 Chestnut	orchards Dystric	Cambisols Borges	et	al.,	(2017)
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by	 biowaste	 compost	 applications	 in	 a	Mediterranean	 vegetables	 cropping	 system.	Commun.	Soil	 Sci.	
Plant	Anal.,	48,	2,	2383–2394.	doi:	10.1080/00103624.2016.1269798	
Blanco-Moure,	N.,	Gracia,	R.,	 Bielsa,	A.C.,	 López,	M.V.,	 2013.	 Long-term	 no-tillage	 on	 particulate	 and	
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concentration	of	a	gas	 in	 the	chamber	at	a	defined	point	 in	 time.	The	gas	flux	 rate	 is	determined	as	a	
































CO2 flux from soil respiration:
	 a.	Install	the	chamber	on	place
	 b.	Take	the	recordings	of	CO2	concentration	for	1–3	minutes	(or	as	needed	for	your	instrument)	and	air	
  temperature during the sampling 
	 c.	Repeat	the	procedure	for	each	chamber	






N2O and CH4 fluxes:
A script for case-wise linear or non-linear method selection is used for calculating the results. It implements 










  mol-1)	to	convert	the	unit	to	µg	L-11. 
	 The	volume	of	ideal	gas	must	be	temperature-corrected,	thus	correct	for	the	chamber	or	air	temperature	
	 using	the	ideal	gas	law.	The	volume	of	ideal	gas	is	calculated	as	V	=	0.082056	×	(273.15	+	T),	where	












-2 h-1	 or	mg	CH4 m-2 h-1.	This	method	also	provides	 the	estimate	of	
ecosystem	respiration	if	your	gas	chromatograph	measures	CO2.
A	minimum	of	three	time	points	are	needed	for	each	fl	ux	calculation.	
CO2 fl ux: 
The	fl	ux	rates	will	be	calculated	from	the	concentration	data	as	above	for	N2O	and	CH4. 
The	gaps	between	measurements	will	 be	 fi	lled	with	hourly	estimates	of	 soil	 respiration	using	empirical	
modelling	for	each	measurement	plot	based	on	the	temperature-dependence	of	soil	respiration	(Lloyd	&	
Taylor,	1994).	Hourly	soil	temperature	measurements	(depth	of	5	cm)	are	used	for	this	purpose.	
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selection&language=EN).	 Pesticides	 enter	 into	 the	 soil	 as	 a	 result	 of	 plant	 protection	measures	 (weed	
control	and	pest	control).	Although	the	persistence	of	pesticides	has	strongly	decreased	in	the	last	decades,	
a	number	of	studies	describe	the	occurrence	of	mixtures	of	(persistent)	pesticides	in	soils	as	a	result	of	
long-term	annual	applications	 (e.g.,	Organochlorines	 like	DDT	and	 its	metabolites,	 forbidden	 in	1973	 in	
Europe,	Ferencz	&	Balog,	2010;	or	Glyphosate	and	its	metabolite	AMPA,	Gui	et	al.,	2014).
Principle
































conditions. Sci. Total Environ., 530–531, 87–95. doi: 10.1016/j.scitotenv.2015.05.082
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 • leucine-aminopeptidase 
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be	 split	 into	 several	 subsamples	 in	 order	 to	 avoid	 repeated	 cycles	 of	 freezing	 –	 thawing	 and	 freezing	
again.	Homogenise	samples	again	after	thawing	to	avoid	 inhomogeneous	distribution	of	moisture	within	






Soil Dry Mass and Water Content (Wilke, 2005)
Principle.	 Soil	 samples	 are	 dried	 at	 105	 ±5°C	 until	 mass	 constancy	 is	 reached.	 The	mass	 difference	
between	moist	 and	 dried	 soil	 is	 the	measure	 of	 the	water	 content.	The	water	 content	 is	 calculated	 on	













min. Determine the mass (m2)	of	the	closed	jar	containing	the	oven-dried	soil	with	an	accuracy	of	±10	mg	
immediately	after	removal	from	the	desiccator.	
Calculation.	Calculate	the	dry	mass	content	(wdm) or water content (wH2O)	on	a	dry	mass	basis	expressed	
as	percentages	by	mass	with	an	accuracy	of	0.1%	(m/m)	using	the	following	equations:	
             wdm (%) = (m2 − m0) / (m1 − m0) × 100
             wH2O (%) = (m1 − m2) / (m2 − m0) × 100






Soil Water Holding Capacity (WHC) 
The	 water	 holding	 capacity	 (WHC)	 of	 structured	 field	 soil	 is	 substantially	 different	 from	 a	 sieved	 and	
homogenised	sample	of	the	same	soil.	Hence,	information	on	field	capacity	etc.	of	that	field	soil	does	not	
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sample)	and	record	the	exact	mass	with	an	accuracy	of	±10	mg	(m1). If moist soil is used the exact amount 
of	contained	water	must	be	known	(m2)	(see	above	the	method	on	“Soil	Dry	Mass	and	Water	Content”).	










(c and d). 
For	simplicity,	the	mass	and	volume	of	water	are	considered	as	1	g	=	1	mL.
a) m6 – m0 = soilsaturated [g]
b)	soilsaturated – m1 +m2 = waterretained [g]
c) m5 – m3 = waterleached [g]
d) m4 + m2 – waterleached = waterretained [g]
e) waterretained / (m1 – m2) = WHC [g/g] ~[mL/g]
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Generally, within a study, storage conditions that are used for a test method should not be 
changed between samples. Consequently, if not all the samples can be analysed within 3 to 4 
days (which is rather likely), it is recommended to freeze (-20°C) and thaw all samples following 
the same protocol as described below.	See	also	chapter	3.0.2	for	specific	conditions	for	DNA	and	
RNA.
Before	 a	 prepared	 and	 stored	 soil	 is	 used	 for	 a	 biological	 laboratory	 test,	 it	 should	 be	 pre-incubated.	
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−80°C or −180°C 
(liquid nitrogen)
years
Invertebrates 3 months — —
DNA — 2 10
RNA — — 10
Microbial	biomass
—	substrate-induced	respiration 7	d 1 —
—	fumigation-extraction 7	d 1 —
Potential ammonium oxidation 7	d 1 —
Nitrogen mineralisation 7	d 1 —
Microbial	soil	respiration 7	d 1 —
Dehydrogenase	activity 7	d 1 —
Enzyme	activity	patterns 7	d 1 —
Denitrifying	enzyme	activity 7	d 1 —
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High-throughput DNA sequencing technology is used to characterise fungal and bacterial diversity 
in agricultural soil samples. Soil is highly heterogeneous, especially at microscale, and it is therefore 
essential that samples from different soil types, regions and crops are taken and handled in a similar 
way to prevent the introduction of unwanted variables and biases. In fact, given the sensitivity of modern 
amplicon sequencing approaches even small differences in sample preparation can affect the outputs 
in terms of recovered species. The reliability of the representation of microbial communities, and the 
efficacy of all the downstream analyses (i.e. pathogens quantification, and other qPCR applications) will 
depend on the handling and preservation techniques that are applied to soil samples. Storage time and 
temperature (at sampling, during shipping to the laboratory, and at the laboratory) can substantially alter 
the soil community’s structure, influencing the recovery of DNA or RNA of certain taxa more than others 
(Rubin et al., 2013 and references therein). In one study performed on more than 500 soil types, frozen 
soil samples maintained the highest alpha diversity and differed least in beta diversity compared to other 
storage systems, suggesting the utility of cold storage for maintaining consistent communities. However, 
responses to storage of microbial communities are strongly soil dependent and seem to become more 
critical with increasing organic matter content (Bainard et al., 2010; Plassart et al., 2012; Terrat et al., 2015).
Principle
Soil aliquots destined to DNA and RNA extraction must be sieved (<2 mm) to homogenise the sample and 
reduce potential contamination with plant and animal material. High clay and/or moisture content, however, 
can inhibit effective sieving. In this case the removal of visible organic debris and sample homogenisation 
must be performed manually. Once homogenised, soil samples need to be stored until further processing; 
the storage conditions must be chosen carefully. The homogenisation, sieving and collection in dedicated 
containers can be carried out in the field when possible, or in the laboratory. In any case the storage and 
eventual shipping need to be done according to the same procedures, which are described below.
Storage of soil samples for DNA extraction. Procedure
The DNA extraction procedure can start from either fresh soil or (more feasibly) from frozen soil. The best 
option is to put samples immediately at -20°C or lower. Since most microbial cells burst during the freeze-
thaw cycle that occurs when samples are extracted, a single freeze-thaw cycle is desirable in order to 
obtain reproducible amounts of DNA. Therefore, soil samples for DNA extraction should be stored at -20°C, 
already sieved, homogenised and weighed in sterile DNase free vials (example: 2 mL screw-cap, cryogenic 
tubes, sterile, DNase-free). 
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As most labs may not have the facilities to freeze soil in the field, we propose a method where samples 
will be taken, put on ice in the field (i.e. in a thermo-stable shipping box, e.g. made from Styrofoam, 
with enough wet ice packs to keep the temperature around 4°C during transport) sieved or hand 
homogenised upon arrival, aliquoted to 500mg in individual tubes and frozen to -20°C. In this way we 
avoid the destruction of DNA inside the soil after thawing, and we can directly proceed to add the C1 buffer 
to the whole sample. We recommend that up to five (or more) vials for each sample (technical replicates) 
are stored at -20°C. Each vial must be univocally labelled with cold-resistant writing/stickers. The weight 
of subsamples that will be extracted needs to be very accurate and must be recorded to be used in 
the following calculations.
A larger subsample of the same frozen soil must be kept along with vials, to be used in the measurement 
of soil water content at the moment of the extraction, if not already measured before freezing. This value is 
needed in calculations that will refer the extracted DNA to each gram of dry soil.
In the event that you need to prepare the aliquots and weight soil for DNA or RNA extraction starting 
from frozen larger soil samples, the thawing period shall be as short as possible to avoid nucleic acids 
degradation processes. 
Collection/storage of soil samples for RNA extraction. Procedure
For collection, transport and storage of soils needed for total RNA extraction, it is recommended to use 
the LifeGuardTM Soil Preservation Solution which is commercialised by Quiagen. This product efficiently 
protects nucleic acids from degradation in soil samples preventing RNase and DNase activity. 
 1. Weigh 2.5 g of soil in a 15 mL RNase and DNase free Tube (i.e. a 15 mL screw-cap cryogenic tube) 
  and add 6 mL of LifeGuardTM Soil Preservation Solution (1 g of soil requires 2.5 mL of solution – the 
  solution can be added to the tubes in sterility, before going to the field). If the soil cannot be weighed 
  in the field use a volume of soil as a reference (a 5 mL tube, or equivalent).
 2. Vortex or gently mix the soil and the solution by hand to obtain a mixture.
 3. Store the soil in the LifeGuardTM Soil Preservation for one month at -20°C (2 weeks at 4°C or 1 
  week at room temperature.
 4. Shipping can be performed at this stage; at 4°C, using boxes with ice packs as in eluted DNA 
  shipping (see section 3.0.3).
 5. When you are ready for the total RNA extraction, the samples can be slowly thawed at 4°C, if kept 
  at -20°C, then centrifuged at 2500 x g for 5 min at 4°C to remove the solution and collect the soil to 
  be further processed.
 




LifeGuard Soil Preservation (from Qiagen. 100 mL bottle costs about 180 Euro), for the ambient temperature 
stabilisation of microbial RNA in soil. (https://www.qiagen.com/us/shop/sample-technologies/protein/
stabilization-and-fixation/lifeguard-soil-preservation/#orderinginformation)
Materials and equipment
 - 2 mL screw-cap, sterile, RNase-free, DNase-free cryogenic tubes (i.e. from BRAND, code 114841, 
  or Sigma-Aldrich screw-cap TPP® 2.0 mL cryotubes, code Z760951)
 - Cold resistant small labels and/or adhesive tapes
 - Permanent-ink pen or labels with cold resistant glue (try before use)
 - Sterile 15 mL RNase-free, DNase-free screw-cap tubes (if used for shipping be sure the closure is 
  safe for liquids).
 - Box container for 2 mL vials (and for 15 mL vials in case you ship soil for RNA extraction)
 - Styrofoam boxes
 - wet ice packs
 - Parafilm
 - -20°C freezer
 - Precision scale (4 decimals)
 - A field scale (to weigh soil for RNA extraction, 2.5 g/6 mL LifeGuard solution)
 - Gloves suitable for RNase and DNase free lab.
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3.0.3 Storage and shipping of eluted DNA
Flavia	Pinzaria	and	Marcos	Egea-Cortinesb
a	 CREA	 –	 Council	 for	 Agricultural	 Research	 and	 Economics,	 Research	 Centre	 for	 Agriculture	 and	
Environment,	via	della	Navicella	2/4,	00184	Rome,	Italy	
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Molecular	Ecology	Resources.	13(5):890-898.	doi:10.1111/1755-0998.12134.
Plassart	P,	Terrat	S,	Thomson	B,	Griffiths	R,	Dequiedt	S,	Lelievre	M,	et	al.	(2012)	Evaluation	of	the	ISO	






Schloter	M.,	Nannipieri	 P.,	Sørensen,	S.	 J.,	 van	Elsas	 J.	D.	 (2018)	Microbial	 indicators	 for	 soil	 quality.	
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(with	 chemicals	 such	 as	SDS,	 phenol,	 various	 detergents	 or	 the	 enzymes	 lysozyme,	 proteinase	K),	 or	
more	frequently	by	a	combination	of	these	treatments	(Krsek	&	Wellington,	1999).	After	the	lysis,	different	
purification	steps	follow,	with	a	series	of	precipitations	obtained	generally	using	saline	or	alcoholic	solutions	




extracted	DNA	relates	strongly	 to	 the	characteristics	of	 the	soil	used:	humic	substances,	clays,	metals,	
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Soil DNA extraction by PowerSoil® DNA Isolation Kit (Qiagen) – regular (small) 250 mg soil 
samples
Soil sampling and pre-processing







the	 amount	 of	 DNA	 available	 for	 downstream	 analyses.	 The	DNeasy	 PowerSoil®	DNA	 Isolation	 Kit	 is	
designed	to	process	0.250	g	of	soil,	although	it	gives	better	results	with	0.500	g.	




Take care to heat the lysis solution (referred as C1 in the suggested kit) to 70°C for 5 minutes, to dissolve 
the salts. Once dissolved it must be cooled down, in order to avoid DNA degradation. 
Following	step	by	step,	the	description	of	soil	DNA	extraction	by	DNeasy PowerSoil® DNA Isolation Kit 
(Qiagen).




2.	 Check	Solution	C1,	pre-heated	to	70°C	for	5	min	to	dissolve	the	precipitate.	Add 60 μL of Solution C1 
 to step 1 and briefly vortex to mix.	Solution	C1	contains	SDS,	thus	this	is	an	important	step	in	which	
	 the	addition	of	Solution	C1	allows	the	cell	lysis	to	form	a	white	precipitate	in	the	Eppendorf	within	a	few	
 minutes of reaction. 
3. Vortex PowerBead Tubes using a vortex or a flat-bed vortex pad with tape and vortex at maximum 
 speed for 10 min when we use less than 12 preps. If we use more than 12 preps we extend the 
	 vortex	up	to	20	min.
4. Centrifuge at room temperature for 2 min at 10 000 x g.	The	supernatant	may	still	contain	some	
	 particles.	While	centrifuging,	add 250 μL of Solution C2	into	each	clean	tube.	Incubate at 4°C for 15 
 min	(the	incubation	can	be	extended	to	overnight).
5. Remove the tube of Step ‘4’ from the centrifuge and carefully transfer the supernatant (between 
 400 and 500 μL) to step ‘5’. Discard the pellet.
6. While centrifuging, aliquot 200 μL of Solution C3 into each clean tube. 
7.	 Remove the tube of Step ‘6’ from the centrifuge and carefully transfer the supernatant to step ‘6’. 
 Discard the pellet. Incubate at 4°C for 15 min.
8. Centrifuge at room temperature for 2 min at 10 000 × g.
9.	 After centrifugation, carefully remove the tube and transfer the entire volume (up to 750 μL) into 
 a clean tube, avoiding the pellet which must be discarded. Add 1.2 mL of Solution C4, and mix 
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 gently. The pellet at this step contains additional non-DNA organic and non-organic material including 
	 humic	acid,	cell	debris,	and	proteins.	The	volume	at	this	step	is	1850	μL	(1200	μL	of	C4	+	750	μL	of	
	 sample	by	step	8).Take care to shake solution C4 before use; this is a high concentration salt solution 
 allowing binding of DNA to the Spin filters provided by the kit. 
10. Load 675 μL of step ‘9’ onto a Spin Filter and centrifuge at 10 000 × g for 1 min at room temperature. 
 Load the remaining supernatant onto the spin filter and centrifuge at 10 000 × g for 1 min at room 
 temperature (~ 3 loading). At	this	step,	DNA	is	selectively	bound	to	the	silica	membrane	in	the	spin	
	 filter	device	in	high	salt	solution.	Discard	the	flow	through	at	the	end	of	each	centrifugation.
11. Add 500 μL of Solution C5 to each tube of the spin tube. Apply centrifuge to the tube at room 
 temperature for 5 min at 10 000 × g 
12. Carefully discard the flow through and repeat centrifugation for 1 min to avoid residual Solution 
 C5.
13. Carefully transfer the spin filter to a clean tube and add 100 μL of Solution C6 (preheat to 60ºC) 
 to the centre of the white filter membrane of the spin filter. (It	is	advisable	to	clean	the	outer	part	of	
	 the	filter	from	any	droplet	left	using	clean	paper.	Solution	C6	is	a	sterile	elution	buffer.	Let	C6	sit	on	the	
	 filter	for	5’	at	room	temperature	before	the	final	centrifugation	step.
14. Centrifuge at room temperature for 3 min at 10 000 x g. Discard the Spin Filter. The DNA is now 
 ready for any downstream analysis.
15. Keep DNA frozen	(-20ºC	to	-80ºC)	for	medium-	to	long-term	storage.	Shipping	should	take	less	than	
	 one	week	(see	chapter	to	3.0.3	for	storing	and	shipping	DNA).	Split	the	eluted	DNA	into	three	tubes.	
	 Tube	1	remains	stored	in	your	lab,	tube	2	is	for	analysis	of	bacteria	and	tube	3	is	for	fungi.


















DNA should have a A260/A280 ratio >1.7
A260/A230 > 1.8, and yields >12 ng/μL. 
It means that “good quality extracted DNA” must have: A260/A280= 1.8-1.9, and A260/A230= 1.9
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DNA concentration and purification
DNA	 extraction	 from	 soil	 often	 yields	 low	 levels	 of	 DNA,	 compromising	 downstream	 analysis,	 such	 as	
next	generation	sequencing.	Efficient	 recovery	of	DNA	 is	 thus	vital	 for	providing	a	DNA	starting	sample	






and	Concentration	 is	 the	most	efficient	device	used	 in	 the	extraction	process	 to	 remove	potential	PCR	
inhibitors	 and	 concentrate	 DNA,	 obtaining	 optimal	 downstream	 analysis	 results.	 The	Amicon	 Ultra-0.5	
device	 is	supplied	with	 two	microcentrifuge	 tubes.	The	manufacturer’s	 recommendations	 for	purification	
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Calculations
DNA	concentration	 is	 estimated	 automatically	 both	 by	NanoDrop	 software	 and	 by	Qubit	 2.0,	 using	 the	
following	formula:
Concentration	(µg/mL)	=	(A260	reading	–	A320	reading)	×	dilution	factor	×	50µg/mL.
Soil DNA extraction by DNeasy PowerMax Soil® DNA Isolation Kit (Qiagen) – large 10 g 
soil samples
Following	step	by	step,	the	description	of	soil	DNA	extraction	by	DNeasy PowerMax Soil® DNA Isolation 
Kit (Qiagen) - (starting material: 10g of soil)
1.	 Add	15	mL	of	PowerBead	Solution	to	a	PowerBead	Tube,	and	after	that	add	up	to	10 grams of soil 




2.	 Check	Solution	C1,	pre-heated	to	70°C	for	5	min	to	dissolve	the	precipitate.	Add 1.2 mL of Solution C1 
 to step 1 and vigorously vortex to mix.	Solution	C1	contains	SDS,	thus	this	is	an	important	step	in	
	 which	the	addition	of	Solution	C1	allows	the	cell	lysis	to	form	a	white	precipitate	in	the	Eppendorf	within	
 a few minutes of reaction. 
3. Vortex PowerMax Bead Tubes using a vortex or a flat-bed vortex pad with tape and vortex at 
 maximum speed for 10 min. As an alternative, to optimise the lysis, we can place the tubes in a 
 shaking bath set at 65°C and shake at maximum speed up to 40 min.
4. Centrifuge at room temperature for 5’ minutes at 2500 x g. The	supernatant	may	still	contain	some	
	 particles.	While	centrifuging,	add 5 mL of Solution C2	into	each	clean	tube.	Incubate at 4°C for 15 
 min (the incubation can be extended to overnight).
5. Remove the tube of Step ‘4’ from the centrifuge and carefully transfer the supernatant to step ‘6’. 
 Discard the pellet.
6. While centrifuging, aliquot 4 mL of Solution C3 into each clean tube. Add step’5’ and incubate at 
 4°C for 15 min.
7.	 Centrifuge at room temperature for 4’ minutes at 2500 × g.
8. After centrifugation, carefully remove the tube and transfer the entire volume into a clean tube, 
 avoiding the pellet which must be discarded. Add 30 mL of Solution C4, and mix gently. The pellet 
	 at	this	step	contains	additional	non-DNA	organic	and	non-organic	material	including	humic	acid,	cell	
	 debris,	and	proteins.	This	step	requires	three	independent	centrifugations.
 Take care to shake solution C4 before use; this is a high concentration salt solution allowing binding of 
 DNA to the Spin filters provided by the kit. 
9.	 Load step ‘8’ onto a Spin Filter and centrifuge at 2500 × g for 3 min at room temperature. Load 
 the remaining supernatant onto the spin filter and centrifuge at 2500 × g for 3 min at room 
 temperature (~ 3 loading).	At	this	step,	DNA	is	selectively	bound	to	the	silica	membrane	in	the	spin	filter	
	 device	in	high	salt	solution.	Discard	the	flow	through	at	the	end	of	each	centrifugation.
10. Add 10 mL of Solution C5 to each tube of the spin tube. Apply centrifuge to the tube at room 
 temperature for 5 min at 2500 × g 
11. Carefully discard the flow through and repeat centrifugation for 5 min to avoid residual Solution 
 C5.
12. Carefully transfer the spin filter to a clean tube and add 5 mL of Solution C6 (preheat to 60ºC) to 
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 the centre of the white filter membrane of the spin filter.	(It	is	advisable	to	clean	the	outer	part	of	the	
	 filter	from	any	droplet	left	using	clean	paper.	Solution	C6	is	a	sterile	elution	buffer.	Let	C6	sit	on	the	filter	
	 for	5	min	at	room	temperature	before	the	final	centrifugation	step.
13. Centrifuge at room temperature for 3’ minutes at 2500 × g. Discard the Spin Filter. The DNA is 
 now ready for any downstream analysis.
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Images on DNA extraction
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10	ng/μL 10 12.5 12.5 >1.8
NGS	Ion	Torrent	-	




10	ng/μL 10 10 90 >1.8





extracted DNA Volume yield Rangeb
250 mg soila 100	μL	 2 - 20 ng
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The	 required	 equipment	 is	 as	 follows:	 centrifuge,	 pipettors	 from	10	 to	 1000	μL,	 vortex	 suitable	 for	 the	
homogenisation	step,	NanoDrop	or	spectrophotometer,	fluorimeter.
Procedure
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the	relative	abundance	of	species	in	soil	microbial	communities	can	be	biased	by	the	yield	and	quality	of	
extracted	RNA.	The	RNeasy PowerSoil Total RNA Kit	is	designed	to	process	up	to	2.0	g	of	soil,	however	
it	can	be	scaled	up	easily	to	accommodate	2.5	g	of	soil.
Soil RNA extraction: use of commercial kits integrated with different adjustments
The	RNeasy	PowerSoil	Total	RNA	Kit	requires	additional	steps	to	be	more	efficient	and	be	able	to	remove	
PCR	 inhibitors	 for	 the	 highest	 RNA	 yield.	 The	 procedure	 described	 here	 is	 an	 improvement	 on	 the	
manufacturer’s	protocol.





























 separates the mixture into	3	phases:	a	red	organic	phase	(containing	proteins),	an	interphase	(containing	





















a	better	dispersion.	Finally,	prepare	the	RNA Capture Column for each sample.
19.	Remove	the	cap	of	a	new	collection	tube,	placing	the	RNA	Capture	Column	inside	the	15	mL	Collection	
	 Tube.
Prepare	 the	RNA	Capture	Column,	adding	2	mL	of	solution	SR5	and	allow	 it	 to	gravity	flow	completely	
through the column.
20.	Add	the	RNA	isolation	sample	of	step	14	to	the	RNA Capture column	and	allow	it	to	gravity	flow	













PART 3. SOIL BIOLOGICAL ANALYSIS
26.	Resuspend	the	RNA	pellet	adding	100	μL	of	Solution	SR7.	This	product	is	an	RNase/DNase-free	water	
 without EDTA.
RNA yield and quality check
The	 quantification	 of	RNA	 is	 essential	 to	 guarantee	 the	 suitability	 for	 downstream	molecular	 biological	
applications	such	as	PCR	amplification,	 reverse	 transcription,	and	sequencing.	The	quality	of	RNA	can	










mainly	 for	 estimating	 the	 260/280	 ratio.	 NanoDrop	 is	 a	 spectrophotometer	 that	 uses	 two	 optical	 fibres	
installed	in	the	pedestal,	emitting	light	from	a	Xenon	lamp,	and	a	sample	arm	(spectrophotometer).	




quantities	 of	 RNA	 (with	 NanoDrop	 it	 is	 impossible	 to	 measure	 picogram	 quantities).	 The	 stand-alone	
instrument	does	not	require	a	computer	connection.	Qubit	requires	a	calibration	consisting	in	the	preparation	
of	 the	appropriate	standard	solutions	provided	by	the	kit	(following	the	manufacturer’s	 instructions).	 It	 is	
suggested	to	carefully	follow	the	manufacturer’s	instructions.	The	QUBITTM	RNA	HS	Assay	Kit	enables	an	
accurate	quantification	of	RNA,	allowing	the	evaluation	of	RNA	up	to	very	low	quantities.
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RNA reverse transcription in cDNA




















• Mix	gently	and	allow	to	stand	at	42°C for 2 min	(if	you	are	using	oligo(dT)12-18 or GSP) or at 25°C 









RNA	concentration	 is	 estimated	 automatically	 both	 by	NanoDrop	 software	 and	 by	Qubit	 2.0,	 using	 the	
following	equation:
Concentration (µg/mL) = (A260 reading – A320 reading) × dilution factor × 40µg/mL.
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Remarks
The	RNA	 is	 an	unstable	molecule	 and	 it	 is	well	 known	 that	 its	 crude	extract	 has	 a	 very	 short	 lifetime.	
Extraction	 protocols	 thus	 requires	 careful	 handling	 to	 ensure	 a	 successful	 nucleic	 acid	 purification.	
According	to	what	has	been	mentioned,	it	is	strongly	recommended	to	use	a	lab	cleaner	product	to	avoid	
RNase	contamination.












Griffiths	 RI,	Whiteley	AS,	O’Donnell	AG,	 Bailey	MJ.	 2000.	 Rapid	method	 for	 coextraction	 of	 DNA	 and	
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soil	 extracted	DNA.	The	quantification	 of	 functional	 groups	by	 qPCR	assays	 can	be	 successfully	 used	
to	determine	not	only	potential	enzyme	activities	(compare	chapter	3.8)	but	also	to	determine	the	actual	








Sample preparation and storage
Soils	 are	 sampled,	 transported,	 pre-processed,	 stored	 and	 shipped	 as	 described	 in	 chapter	 3.0	 and	





Task 1 qPCR standard preparation and calibration of the qPCR assay 
Step	1:	Primers	for	qPCR	–	Step	2:	qPCR	standard	preparation	–	Step	3:	Calibration	of	the	qPCR
Task 2 Preparation of soil DNA template and inhibition test
Step	4:	Preparation	of	soil	DNA	–	Step	5:	Inhibition	test
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Task 3 qPCR assay
Step	6:	qPCR	assay
Task 4 Validation and analysis of the qPCR assay
Step	7:	Checking	qPCR	efficiency	and	dissociation	curves	–	Step	8:	Calculation	of	the	copy	number	of	the	



























m.	 Ethidium	bromide	(CAS	No.	1239-45-8).	Note: Ethidium bromide is a highly toxic chemical. 
 Although listed in the ISO standard, its use is not recommended, but should be replaced by less 


































 1 000 mL of H2O.
ii.	 TBE	buffer	×	1:	100	mL	of	TBE	buffer	×	10	in	900	mL	of	H2O.
jj.	 TE	buffer	×	10:	pH	8.0,	100	mL	of	1	mol/L	Tris-HCl	pH	8.0,	20	mL	of	50	mmol/L	EDTA	pH	8.0	in	880	
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Materials and equipment
Pipettes,	pipette	 tips,	appropriate	PE	 test	 tubes,	pH-meter,	scales,	 incubator	 (with	agitation),	autoclave,	
centrifuge,	fume	hood	cabinet,	laminar	flow	cabinet,	horizontal	electrophoresis	system,	quantitative	PCR,	
allowing	the	real	time	quantification	of	amplicons	from	various	DNA	templates	with	detection	limit	of	one	
copy	 of	 a	 sequence	 target	 per	 sample	 analysed.	 Fluorometer	 able	 to	 quantify	 double-strand	 DNA	 or	
spectrophotometer	(not	recommended),	able	to	quantify	double-strand	DNA	at	260	nm.
Procedure





Primers for qPCR (task1, step 1)
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with	appropriate	staining.	Amplicons	are	purified	either	from	the	gel	using	appropriate	methods	or	by	using	
exclusion	chromatography	columns	to	remove	primers.	Purified	amplicons	are	then	quantified	as	described	
earlier in this chapter.
Cloning and dilution preparation of qPCR standard
Ligation of amplicon of qPCR standard. 
An	optimal	ligation	of	amplicon	into	the	cloning	vector	should	be	done	at	a	3:1	molar	ratio	of	the	mass	of	
PCR	product	to	be	used	for	ligation:
Mass of PCR product (ng) =  
mass of plasmid DNA (ng)x lenght of the insert (bp) 
× 3
                                                                   










Transformation of competent Escherichia coli














PART 3. SOIL BIOLOGICAL ANALYSIS
331
Purification and quantitation of plasmid
Recombinant	and	one	self-ligated	clones,	confirmed	by	PCR	and	AGE,	are	inoculated	to	10	mL	LB/Amp	










Prepare	an	 initial	solution	 (100	μL)	containing	0.5	×	108	copies	 /	μL	 in	molecular	grade	water.	Prepare	
tenfold	serial	dilutions	until	a	concentration	of	0.5	×	101	copies	/	μL	is	reached.	Store	dilutions	at	-80°C	until	
used.
Calibration of the qPCR (task 1, step 3)












Establishment of the calibration curve and calculation of qPCR efficiency
At	the	end	of	the	assay,	the	results	are	analysed	using	the	automatic	option.	qPCR	is	validated	with	four	




copies / μL =
6.022 x 1023 
molecules g( () )x  DNA concentration μLmole
Number of bases x 660 daltons
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B) Alternative qPCR standard preparation and calibration of qPCR assay (task 1)
A	bulk	soil	sample	(samples	involved	in	the	experiment)	is	used	to	extract	a	DNA	mixture	and	amplify	the	













	 	 this	step,	qPCR	amplicon	is	validated	following	that	reported	here	in	‘Establishment of the 




	 	 target	gene	of	interest	(GOI)	copy	number,	following	that	described	in	‘Purification and linearization 
  of plasmid’.
	 -	 Prepare	an	initial	dilution	(100	μL)	a	known	amount	of	copies	in	molecular	grade	water	(108)	and	
	 	 prepare	a	10-fold	dilution	series,	covering	until	101	dilution.
Preparation of soil DNA template and inhibition test (task 2)
Preparation of soil DNA (task 2, step 4)
As	described	in	Sample preparation and storage	soil	DNA	used	for	qPCR	is	diluted	to	10	ng/	μL	and	1	


















and	serves	as	exogenic	DNA.	Prepare	duplicate	reactions	as	described	in	SYBR Green® qPCR assay and 

















Dilution of DNA template
A	dilution	test	can	be	performed	to	moderate	the	copy	number	samples	(e.g.104 copies/reaction). Dilute the 
DNA	sample	in	1:10	intervals	(10	ng/μL,1	ng/μL,	0.1	ng/μL).	Include	dedicated	standard	plasmid	into	the	run	








If	inhibition	occurs,	the	samples	should	be	treated	as	in	“Spiking of exogenic DNA in soil DNA extract”.
qPCR assay (task 3, step 6)
Assay	targets	gene	of	interest	(GOI)	and	is	performed	in	duplicate	on	each	template	at	the	dilution	showing	
no	inhibition	of	Taq	polymerase	and	on	duplicate	on	plasmid	standard	DNA	dilutions	from	108 to 10 copies 
per	reaction.	Include	NTC	in	duplicate	made	of	molecular	grade	water.	Primer	pair	(Table	3.3.1)	specific	for	
GOI	is	used	as	previously	described	in	SYBR Green® qPCR assay.	Once	a	calibration	curve	is	established,	
the	calibration	curve	can	be	imported	from	a	previous	run	and	be	adjusted	by	using	one	reference	standard	
concentration close to sample concentrations.









Calculations (task 4, step 8)
The	 calibration	 curve	 and	 qPCR	 efficiency	 shall	 be	 calculated	 for	 each	 assay	 and	 recorded	 with	 the	
estimated	number	of	copies	of	the	GOI.	The	copy	number	of	GOI	can	be	calculated	to	the	copy	number	per	
ng	of	soil	DNA	or	per	g	of	soil	with	the	following	formulas:
Estimation of the number of sequences of the GOI per ng of soil DNA (I)
I =                                                       
GOI in assay
      volume of template in assay (μL)*concentration of template in assay ( ng )
                                                                                                                    μL
Estimation of the number of sequences of the GOI per g of soil (II)
II (dry mass equivalent) =                            
I * DNA extracted from  soil (in ng)
                                             















Levy-Booth,	D.	 J.,	Prescott,	C.	E.,	 and	Grayston,	S.	 J.:	Microbial	 functional	genes	 involved	 in	nitrogen	
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3.4 Detection and quantification of soil borne diseases by qPCR
Margarita	Rosa,	Jose	Antonio	Pascuala,	Loredana	Canforab
a	Centro	de	Edafologia	y	Biologia	Aplicada	del	Segura	(CEBAS-CSIC)	Campus	Universitario	de	Espinardo,	




Soil-borne	plant	 pathogens	 (bacteria,	 fungi	 and	oomycetes)	 produce	great	 losses	 to	 agricultural	 crops.	






The	 traditional	 detection	 methods	 are	 time-consuming	 and	 require	 extensive	 knowledge	 on	 classical	
taxonomy	(Capote	et	al.,	2012).	Quantitative	real-time	polymerase	chain	reaction	(qPCR)	based	technology	
is	a	 rapid	and	sensitive	method	 that	offers	advantages	over	 the	 traditional	diagnosis	 reducing	 the	 time	
needed	for	diagnosis.	The	qPCR	technology	allows	accurate/discriminant	detection	and/or	quantification	
of	pathogens	that	cannot	be	extracted	or	cultivated	easily	from	soil	and	plant	tissue,	or	are	present	at	low	
inoculum	 load	 in	samples.	Nowadays	a	wide	 range	of	plant	pathogens	can	be	detected	and	quantified	
by	real-time	PCR	in	numerous	hosts	or	environmental	samples,	e.g.	Fusarium oxysporum in muskmelon 




which	 increases	 as	 the	 PCR	 cycles	 proceed.	 These	 fluorescent	 reporter	 molecules	 include	 dyes	 that	
intercalate	with	any	double-stranded	DNA	(non-specific)	or	sequence-specific	DNA	probes	consisting	of	
oligonucleotides	that	are	labelled	with	a	fluorescent	report,	which	permits	detection	only	after	hybridisation	














































 1. Soil DNA extraction.	DNA	extraction	is	a	critical	pre-step	analysis;	the	quality	of	the	final	results	can	
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	 				be	significantly	affected	by	the	purity	and	final	yield	of	DNA	(for	the	DNA	extraction	method,	see	
     chapter 3.1).
 2. Selection or design of specific set of primers or primers and probe. According to the method 
	 				used	to	detect	and	quantify	the	target	microorganisms	we	have	to	select	or	design	specific	primers	
	 				and	probe.
 3. qPCR assay.	The	qPCR	assay	can	be	used	with	any	qPCR	platform	or	be	anyhow	adapted	to	the	
	 				specific	instrument	that	each	laboratory	has	available	(i.e.	7500	Fast	Real-time	PCR	system	(Applied	
	 				Waltham,	MA,	USA).	The	qPCR	assay	has	two	steps,	qPCR	mixture	and	qPCR	conditions.
 4. qPCR analysis and standard curve preparation.	To	quantify	the	amount	of	pathogen	on	soil	
	 				samples	a	standard	curve	for	each	pathogen	is	made.
Selection or design of specific set of primers or primers and probe.
Target	gene	selection	is	a	crucial	step	in	real-time	PCR	assay;	sequences	of	the	primer	must	be	unique	to	
identify	sequences	of	the	target	in	the	sample	of	interest	with	high	specificity	and	efficiency.	The	ribosomal	


















loops,	 (dG<-3)	and	dimers	 (dG<	 -12).	Nowadays,	 these	can	be	designed	by	different	programs	Primer	
Express,	Primer	3	or	Clustal	X.	Their	specificity	must	be	checked	by	BLAST	tool	in	GenBank	and	afterwards	





For the non-specific label method,	the	amplification	reaction	is	carried	out	in	25	μL	reactions	containing	





































	 	 i.	 Pre-bacterial	of	fungal	cultures	of	interest	to	harbour	the	gene	of	interest	(thus	pathogens)	by	the	
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control	in	the	experimental	design)	added	to	a	known	amount	of	pure	bacterial/fungal	liquid	suspension.	
DNA	is	extracted	within	48h	after	the	addition	of	the	targeted	microbes	from	the	microcosm,	amplified	for	
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to	 assess	 community	 structure	profile	 in	 soil	 (Zhou	et	 al.,	 2015).	One	of	 the	most	 effective	 techniques	
relies	on	DNA	sequencing	technology	where	specific	amplicons	are	selected	within	the	bacterial	genome	








It	 is	 well	 established	 that	 agricultural	 practices	 alter	 the	 composition	 and	 diversity	 of	 soil	 microbial	














Requirements of DNA quantity for sequencing
The minimum amount to be provided for sequencing is 18 μL with a minimum DNA concentration of 
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1.5 ng/μL. DNA must also satisfy quality standards with ratios of absorbance A260/A280 = 1.8-1.9, 
and A260/A230 = 1.9. 

















Quality and quantity requirements of DNA samples to be sequenced
High-quality	RNA-free	DNA	is	required.	The	required	input	for	the	library	preparation	(end-repair)	step	is	



























We seek to obtain 20 000-40 000 reads per sample. The overall experimental setup for sequencing 
will be assessed considering the targeted number of reads. This means that the number of samples 









reads for the 314 chip. If a sample gives less than 20 000 reads we will check if there is a problem with 
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processes	 that	 are	 critical	 to	 soil	 fertility	 and	 plant	 productivity.	 For	 this	 reason,	 it	 is	 important	 to
understand	 how	 the	 agronomic	 practices	 impact	 on	microbial	 biodiversity	 and	 the	 associated	 function.
Advances	 in	 sequencing	 technologies	 have	 led	 to	 the	 development	 of	 sequencing	 machines	 with	 the
ability	to	generate	a	large	volume	of	sequence	data.	These	technologies	that	are	generally	called	“Next
Generation	 Sequencing	 (NGS)”	 have	 profoundly	 changed	 the	 way	 we	 approach	 the	 studies	 of	 the
microbial	 communities,	 becoming	 the	 technology	of	 choice	 for	metagenomics	 studies.	The	approaches
based	on	NGS	sequencing	overcome	the	limits	of	the	cultivation-based	methods	and	allow	to	profile	the
entire	 microbiome	 by	 directly	 sequencing	 the	 DNA	 taken	 from	 environmental	 samples.	 PCR
amplicon	sequencing	of	specific	target	regions	is	a	widely	used	approach	to	study	microbial	biodiversity.
The	 target	 regions	 commonly	 used	 are	 the	 ribosomal	 RNA	 genes	 because	 they	 are	 characterised	 by








Tris Hcl pH 8.5.
ITS Illumina amplicon protocol
The	protocol	described	below	 is	based	on	 the	method	proposed	by	Smith	and	Peay	 (2014)	with	some	
modification	 in	 the	 amplification	 protocol.	 	 Sequencing	 libraries	 are	 produced	using	 a	 single	PCR	step	
in	which	 the	 target	 region	 is	amplified	using	 locus	specific	primers	 (ITS1f-ITS2)	 tailed	with	 the	 Illumina	
adapters.	 The	 reverse	 primers	 are	 barcoded	 to	 allow	 multiplexing	 using	 the	 12-base	 Golay	 barcodes	
(Caporaso	et	al	2012).
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PCR Primers.
Primers	are	ordered	using	standard	desalting	purification.	Primers	are	shipped	lyophilized	and	upon	arrival	




















Reagents for one sample Volume




MgSO4 (50 nM) 0.9	μL










Denaturation 95°C 3 minutes
35	cycles 95°C 45 seconds
50°C 1 minute
72°C 1 minute
Final Extension 72°C 10 minutes
Hold 4°C
The	PCR	products	are	cleaned	up	from	primers	and	primer	dimers	using	the	Agencourt	AMPure	XP	beads	
(Beckman	Coulter)	 following	 the	manufacturer’s	 instructions.	Resuspend	your	PCR	products	 in	40	μl	of	










                      concentration in nM =            
concentration in ng / μl











PART 3. SOIL BIOLOGICAL ANALYSIS
Adding a new assay to the Illumina Experiment Manager (IEM)
Golay	barcode	 indices	are	not	present	by	default	 in	 the	 Illumina	Experiment	Manager	but	needs	 to	be	
supplied	 to	 the	 IEM.	To	 include	 these	 indices	 to	 the	 system,	a	 custom	sample	prep	 kit,	 containing	 the	
reverse	complement	of	the	index	sequences,	must	be	created	and	added	to	the	following	directory:	
C:\Program Files(x86)\Illumina\Illumina Experiment Manager\SamplePrepKits. 
After	this	step	move	to	the	folder	Application	
C:\Program Files(x86)\Illumina\Illumina Experiment Manager\Application
and	open	the	file	GenerateFASTQ	using	a	text	editor	such	as	Notepad.	Add	the	name	of	the	library	prep	kit	
file	under	the	[Compatible	Sample	Prep	Kits]	section.	These	two	steps	make	the	Golay	barcode	selectable	
during the sample sheet generation with the Illumina Experiment Manager software when selecting 
the	GenerateFASTQ	application.	For	more	 information	on	how	to	add	a	new	assay	consult	 the	 Illumina	
Experiment Manager software guide.
References
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3.7 Bioinformatics workflow for the analysis of soil microbial community 




30100 Murcia (Spain) 
Introduction
The	 emergence	 of	 massively	 parallel	 sequencing	 systems	 has	 revolutionised	 the	 way	 we	 approach	
metagenomic	 studies.	 The	 sequencing	 of	 target	 genes	 such	 as	 the	 bacterial	 16S	 and	 the	 fungal	 ITS	
with	Next	Generation	 Sequencing	 (NGS)	 equipment	 is	 becoming	 a	 popular	method	 to	 study	microbial	
communities’	diversity.	At	the	same	time,	the	large	and	complex	datasets	generated	by	these	machines	
have	posed	several	challenges	for	bioinformatics	and	have	led	to	the	development	of	bioinformatics	tools	
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3.7.1 Bioinformatics workflow for the analysis of soil fungal communities 










Q = –10log10 P,











the following command to run Trimmomatic
java -jar trimmomatic-0.33.jar PE -phred33 RawReads1.fastq.gz  RawReads2.fastq.gz reads1_
filtered.fastq.gz  reads1_unpaired.fastq.gz  reads2_filtered.fastq.gz  reads2_unpaired.fastq.gz 





























For other options see the software manual.
Proceed with the QIIME pipeline
The	fastq	files	must	be	converted	into	a	fasta	file	using	the	following	QIIME	script
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Because	 we	 are	 working	 with	 demultiplexed	 samples	 we	 leave	 the	 column	 BarcodeSequence and 
LinkerPrimerSequence empty.	Now	we	can	check	if	the	mapping	file	is	formatted	in	the	proper	format	using	
the	following	QIIME	script:
















Chimera detection using VSEARCH
Chimeras	are	sequences	artefacts	produced	during	the	PCR	amplification	and	derived	by	joining	two	or	
more	partial	sequences	coming	from	different	biological	sequences.	They	are	formed	when	prematurely	





Vsearch  -uchime_refpath/combined_seqs.fna -db/path/uchime_sh_refs_dynamic_
original_985_03.07.2014.fasta  -nonchimerasno_chimeras.fna  -threads 7
Output	file	=	no_chimeras.fna
OTU picking and taxonomy assignment for fungal ITS









Pick-open-reference_otus.py by default uses the UCLUST clustering tool. 
pick_open_reference_otus.py –ino_chimeras.fna -o ‘/path/output’-r 
path/sh_refs_qiime_ver7_dynamic_20.11.2016.fasta --suppress_align_and_tree -p 

















Remove low abundance OTUs
At	this	step	it	is	recommended	to	discard	low	abundance	OTUs	using	a	conservative	OTUs’	threshold	of	
0.005%,	as	suggested	by	Bokulich	(2013).
































core_diversity_analyses.py -iotu_table_mc2_w_tax._rarefied.biom -m ‘mapping_file.tab’ -o
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3.7.2 Bioinformatics workflow for the analysis of bacterial soil 












noise”	 in	 the	 form	 of	 insertion/deletion	 (indel)	 error	 types.	 ‘Homopolymer	 errors’	 (a	 term	 originating	
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Demultiplex and quality filter reads





split_libraries.py -m map.txt -f denoised_sequences.fna -q denoised_sequences.qual -o split_library_output 
-z truncate_only –q 25
This	script	does	a	quality	filtering,	trim	primers	and	adaptors	and	demultiplexes	the	reads	by	using	a	single	
command.	With	the	option	-z truncate_only	the	script	will	also	truncate	reverse	primers	in	case	that	they	
are found among the sequences. –q 25	 indicates	the	threshold	for	the	quality	filtering.	More	options	are	
available,	check	http://qiime.org/tutorials/tutorial.htmL.
The	output	 reads	are	stored	 in	 the	file	seqs.fna.	This	 is	a	 fasta	 formatted	file	where	each	sequence	 is	
renamed according to the sample it came from. The header line also contains the name of the read in the 
input	fasta	file	and	information	on	any	barcode	errors	that	were	corrected.
PCR chimera detection using VSEARCH
To	filter	putative	chimeric	sequences	from	the	file	seqs.fna	we	suggest	the	program	VSEARCH	(Rognes	
2016)	with	the	formatted	RDP	database.	The	output	is	the	“chimeras	free”	fasta	file	no_chimeras.fna.
vsearch -uchime_ref  path/ seqs.fna -db /path/RDP_trainset16_022016.fa 
 -nonchimerasno_chimeras.fna -threads 7





to	help	to	determine	the	OTU	threshold	and	algorithms	finally	chosen.	Open reference with subsampling is 
the recommended strategy in Qiime. 
The script pick_open_reference_otus.py	executes	a	number	of	 interesting	steps	 including	OTU	picking,	
annealing	 of	 representative	 sequences	 with	 a	 reference	 GreenGenes	 alignment,	 phylogenetic	 tree	






To	generate	 the	parameter	file	 for	 the	SILVA	database	(adjust	 the	number	of	 threads	accordingly	 to	 the	
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computer	used):
echo “pick_otus:threads 4” >> SILVA_clustering_params.txt
echo “pick_otus:sortmerna_coverage 0.8” >> SILVA_clustering_params.txt
echo “pick_otus:enable_rev_strand_match True” >> SILVA_clustering_params.txt
echo “align_seqs.py:template_fp /home/shared/rRNA_db/SILVA_128_QIIME_release/core_alignment/
core_alignment_SILVA128.fna” >> SILVA_clustering_params.txt
echo “align_seqs.py:template_fpmin_percent_id 0.6” >> SILVA_clustering_params.txt 
echo “filter_alignment:allowed_gap_frac 0.80” >> SILVA_clustering_params.txt
echo “filter_alignment:entropy_threshold 0.10” >> SILVA_clustering_params.txt






pick_open_reference_otus.py -ipath/no_chimeras.fna -o clustering –m sortmerna_sumaclust-s 0.1 --min_












filter_otus_from_otu_table.py -ipath/otu_table.biom  -o otu_table_no_singletones.biom--min_count2
Core diversity analysis




which	 is	 an	 interesting	 option	 to	 obtain	 an	 overview	of	 the	 results.	The	 script	core_diversity_analyses.
py	 executes	 a	 workflow	 that	 generates	 alpha	 and	 beta	 diversity	 analysis	 (http://qiime.org/scripts/core_
diversity_analyses.htmL). 
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Prior	to	the	diversity	analysis,	we	need	to	normalise	the	OTU	table.	There	are	different	strategies	for	this	




core_diversity_analyses.py -ipath/otu_table_rarefied.biom –t path/rep_set.tre -m map_file.txt -o path/core_
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of	 enzyme	 activity	 is	 well	 established	 and	 feasible	 with	 common	 laboratory	 equipment	 (Nannipieri	 et	
al.,	 2012).	 Due	 to	 their	 higher	 sensitivity,	 especially	 at	 low	 concentrations,	 fluorogenic	 substrates	 are	
increasingly	used	to	detect	enzyme	activities	in	small	samples	or	when	low	activity	is	assumed	(Kandeler	
in	Paul,	 2015).	Studies	 comparing	 both	 procedures	 reported	 different	 results.	Marx	 et	 al.	 (2001)	 found	
comparable	 values	 for	maximum	activity	 of	 acid	 phosphatase	 and	 β-glucosidase	 (vmax),	 when	 samples	
were	incubated	at	increasing	substrate	concentrations.	On	the	other	hand,	the	activity	of	acid	phosphatase	
























































                                    α =    
(ρt2 - ρt1 )*V
                                           
m * c * ∆t * DM
With
 α	 	 the	enzyme	activity	expressed	as	nmol	of	MUF/AMC	formed	/g	dry	soil	/hour
	 ρ	t̅1,ρ	t̅2	 the	means	of	MUF/AMC	concentration	in	pmol/well	at	t1	and	t2	(depending	on	linearity	of	
	 	 	 enzyme	activity)		
 V	 	 the	initial	suspension	volume	in	mL
 m  the soil sample mass in g
 c	 	 the	aliquot	of	soil	suspension	transferred	to	well	in	μL
 ∆t	 	 the	difference	of	t1	and	t2	in	hours
 DM 	 the	dry	matter	content	of	sample	as	a	percentage
Table 3.8.2.	Range	of	activity	values	for	fluorogenic	substrates	in	agricultural	soils.
Enzyme nmol MUF (AMC) g-1 h-1 Land use Soil texture Reference
β-Glucosidase 30 - 200 Organic	farming Sandy	loam Maharjan	et	al.,	2017
Leucine-aminopeptidase 800 - 1200 Conventional	farming Fine Sand Awad	et	al.,	2012
Acid Phosphatase 50 - 400 Organic	farming Sandy	loam Maharjan	et	al.,	2017
Arylsulfatase 22 - 30 Conventional	cereal	cropping Sandy	clay	loam
Giacometti	et	
al.,	2014





















 complete with acetone to 100 mL.
•	 Prepare	INTF	calibration	solutions	as	follows:
Table 3.8.3.	Preparation	of	calibration	solutions	for	INTF.
INTF [nmol/mL] 0 10 20 40 60 80
INTF	stock	solution	[mL] 0 0.05 0.10 0.20 0.30 0.40
Tris	buffer	pH	7.6	[mL] 1 1 1 1 1 1




















PART 3. SOIL BIOLOGICAL ANALYSIS
Calculations
               α =  
(ρregular samples  –  ρcontrol sample) * V
                                                m * DM * t
With
 α	 the	dehydrogenase	activity	expressed	as	nmol	INTF	formed	×(g	dry	soil)-1	×	hour	-1 
 ρregular samples the mean of INTF concentration of regular samples in nmol/mL
 ρcontrol sample	 the	value	of	INTF	concentration	of	the	control	sample	in	nmol/mL
 V	 the	solution	volume	(volume	of	substrate/buffer	+	volume	of	extractant	i.e.	10	mL)




nmol INTF g-1 h-1 Land use Soil texture Reference
180 - 510 Organic	rice	production Clay	loam Lopes	et	al.,	2011
74	-	283 Organic	potato	production Loam Liu	et	al.,	2008











	 b.	Potassium	dihydrogen	phosphate,	c(KH2PO4) = 0.2 mol/l.
	 c.	Dipotassium	hydrogen	phosphate,	c(K2HPO4) = 0.2 mol/l.
	 d.	Sodium	chlorate,	c(NaClO3)	=	0,5	mol/l.
	 e.	Diammonium	sulphate,	(NH4)2SO4.
	 f.	 Sodium	hydrogen	carbonate,	c(NaHCO3) = 5 mmol/l
	 g.	Potassium	chloride,	c(KCl)	=	4	mol/l.
	 h.	Stock	solution	A.	Prepare	by	combining	28	mL	of	KH2PO4	(B),	72	mL	of	K2HPO4	(C),	and	100	mL	of	
  distilled water (A).
	 i.	 Test	medium.	Prepare	by	combining	10	mL	of	stock	solution	A	(H),	10	to	30	mL	of	NaClO3	(D),	and	
	 	 0.198	g	of	(NH4)2SO4 (E). Dilute to 1000 mL with distilled water (A).
The	final	concentrations	in	the	test	medium	with	pH	of	approximately	7.2	are	1	mmol/l	of	potassium	phosphate	
buffer,	5	mmol/l	 to	15	mmol/l	of	sodium	chlorate	and	1.5	mmol/l	of	diammonium	sulphate.	The	selected	


















Sampling of soil slurry.	Take	aliquot	samples	(2	mL)	of	 the	soil	slurry	after	2	h	and	6	h	of	 incubation,	
provided	that	ammonium	oxidation	is	known	to	be	linear	over	this	period*.	The	soil	slurry	should	be	well	
shaken at sampling times to ensure that the ratio of solution to soil is constant during the test. Dispense 
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3.9.1 Soil microbial biomass carbon and nitrogen – fumigation extraction 














The	method	described	here	 is	 largely	based	on	 the	 ISO	standard	14240-2	(ISO	1997).	Basically,	 intact	
microbial	 cells	 are	 lysed	upon	 fumigation	of	 the	 soil	 sample.	For	 fumigation,	 the	 sample	 is	exposed	 to	






(MBN)	 is	 determined	 in	 a	 similar	way,	 extracting	 nitrogen	 from	 fumigated	 and	 non-fumigated	 samples,	
calculating	the	difference	in	contents	and	dividing	it	by	the	correction	factor	kEN.
The	carbon	content	of	microorganisms	in	a	soil	sample	is	determined	analytically	and	can	be	used	to	make	





















































Place	moist	 filter	 paper	 at	 the	 bottom	 of	 the	 desiccator.	 Place	 a	 beaker	 with	 soda	 lime	 on	 top	 of	 the	















Store	extracts	 in	a	refrigerator	(not	more	than	24	h)	until	 further	analysis.	 If	not	analysed	at	once,	store	
the	 extracts	 of	 fumigated	 and	 non-fumigated	 soil	 samples	 in	 the	 freezer	 at	 between	 -15°C	 and	 -20°C.	
Homogenise	frozen	extracts	before	use,	after	thawing	at	room	temperature.






Determination of carbon in the extracts





              EC (µg / g dry Soil) = [(V × DV ) – (B × DB )] × (Pk / DW + SW )

















MBC (µg/g) OC (%) a HWEC (µg/g) b Reference
176	arable	soils	from	temperate	climate	(Germany),	various	soil	types
Mean 287.6 2.05 630.6 (Vohland	et	al.,	2016)
Median 253.1 1.84 589.1
Minimum 66.7 0.98 228.4
Maximum 846.0 4.46 1410
Correlation	to	MBC	(r) 0.81 0.69
MBC (µg/g) MBN (µg/g) Reference
4	soils	with	different	tillage	system	(Poland)
		71.5 15.0 (Furtak	et	al.,	2017)
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of 1.2 mL well−1	and	holds	about	0.45	g	well−1	of	soil,	with	or	without	substrate.	The	detection	plate	has	a	
capacity	of	300	μL	well−1,	holds	150	μL	well−1 of gel with indicator. The two plates are sealed together with 
a	silicone	 rubber	gasket	with	 interconnecting	holes	 to	allow	 free	gas	exchange	between	 the	deep	well	
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optimum	wavelength	and	changing	 the	 formula	used	 to	convert	 the	absorbance	 reading	 to	%CO2. The 
author	found	a	better	fit	for	a	linear-to-linear	(rectangular	hyperbola)	curve,	compared	to	the	original	formula	
of	Campbell	(2003):
% CO2  =    
A+B









• Indicator solution (1 L) (agar gel 10 g L−1,	KCl	0.15	mol	L−1,	NaHCO3	2.5	mmol	L−1	and	cresol	red	dye	
















• Dessicator (air-tight container)
























	 	 substrate	per	well	(in	mg)	by	multiplying	30	*	g	soil	well-1	*	g	H20 gsoil-1. To calculate the weight of soil 




































%CO2=    
A+B






1It is recommended that samples are run at least in triplicate to ensure the best estimate of a mean absorbance per carbon source.
2The deep-well plates can be prepared the day before the MicroRespTM set-up, in this case cover the plates with Parafilm and store 
overnight at 4°C. Allow to warm at room temperature before use.








































basal respiration x 1000
MBC
378

























Vohland	 M.,	 Harbich	 M.,	 Ludwig	 M.,	 Emmerling	 C.,	 Thiele-Bruhn	 S.,	 2016.	 Quantification	 of	 soil	
variables	 in	 a	 heterogeneous	 soil	 region	 with	 VIS-NIR-SWIR	 data	 using	 different	 statistical	 sampling	










method	 to	 assess	 pollution-induced	 community	 tolerance	 in	 the	 context	 of	 metal	 soil	 contamination.	
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Earthworms	are	 stored	 in	 formalin	 in	 the	 field	 and	 later	 transferred	 to	 alcohol	 for	mass	measurements	
and	identification.	Despite	the	growing	reservations	against	the	use	of	formalin	(because	of	human	health	
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•	 large	water	container,	20	litres	or	more	(for	preparing	the	mustard	oil	solution)
• sprinkling cans (for pouring the mustard oil solution) 






























 n. Sampling point location. (One should take into consideration the need to adjust the points spatially 
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3.11 Vegetation diversity, cover and structure
Raúl	Zornoza,	Jose	A.	Acosta,	Silvia	Martínez,	Virginia	Sánchez-Navarro,	Ángel	Faz	






































• Hammer to place the stakes in the soil.
Procedure
s.	 Identify,	seasonally,	all	plant	species	present	in	your	plots,	including	borders	with	native	vegetation	to	
	 increase	 biodiversity	 and	 attract	 beneficiary	 fauna.	 Distinguish	 crop	 species	 from	 other	 native	 or	











a.	 Richness:	 number	 of	 different	 plant	 species	 present	 in	 each	 plot,	 per	 season	 and	 per	 year.	
b.	 Vegetation	 cover:	 percentage	 of	 the	 total	 land	 surface	 covered	 by	 vegetation	 in	 each	 plot	
	 estimated	 by	 the	 quadrant	method.	Provide	 the	 average	 value	 of	 at	 least	 four	 different	measures.	
c.	 Similarity	index	(SI).	The	similarity	index	is	calculated	as	follows:
SI =   
2C
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